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PREFACE. 


It  has  been  well  remarked  by  Humboldt*  that  to  behold  is 
not  necessarily  to  observe,  that  is,  to  compare  and  combine. 
The  history  of  Geology,  like  that  of  all  sciences  depending  for 
their  effective  advance  on  experiment  or  correct  observation, 
amply  proves  the  truth  of  this  statement  We  are  not 
required  to  look  far  back  to  be  fully  aware  of  the  many  bril- 
liant hypotheses  which  have  given  way  before  the  advance  of 
correct  research.  It  was  not  that  these  brilliant  hypotheses 
were  intended  as  substitutes  for  sound  geological  knowledge, 
based  on  correct  data,  or  that  those  who  formed  them  were  not 

t>!^  as  capable  as  any  who  may  in  after-times  succeed  in  still 

farther  systematically  embodying  the  accumulated  data  of 
such  times,  but  merely  that  correct  observations  were  not  then 
sufficientiy  abundant,  and  that  powerful,  and,  sometimes,  im- 
patient minds  often  supplied  their  place  with  conceptions  more 
captivating  than  well  founded.  It  is  obrious  that  with  a 
hundred  well-established  facts  more  can  be  accomplished  than 
with  ten,  the  deductions  from  which,  however  apparently  cor- 
rect, may  even  be  fallacious  as  respects  those  derived  from 

^'  the  consideration  of  the  greater  number.    Let  it  not,  never- 

theless, be  hastily  concluded  that  the  views  which  have  passed 
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away  have  not  materially  advanced  geology,  as  those  of  a  similar 
character  have  aided  the  progress  of  other  sciences.  Without 
them,  though  a  few  may  have  been  impediments  for  the  time, 
many  a  subject  woidd  have  longer  remained  disregarded  by  its 
zealous  investigator.  Even  the  controversies  which  have  from 
time  to  time  appeared,  many  from  differences  of  opinion  arising 
the  more  readily  as  the  subject  was  less  perfectly  understood, 
gave  a  certain  impulse  to  progress  which  the  commencement  of 
many  inquiries  so  often  demands. 

The  following  work  was  undertaken  in  the  hope  that  the 
experience  of  many  years  might  assist,  and,  perhaps,  abridge 
the  labours  of  those  who  may  be  desirous  of  entering  upon  the 
study  of  geology,  and  especially  in  the  field.  Its  object  is,  to 
afford  a  general  view  of  the  chief  points  of  that  science,  such  as 
existing  observations  would  lead  us  to  infer  were  established ; 
to  show  how  the  correctness  of  such  observations  may  be  tested ; 
and  to  sketch  the  directions  in  which  they  may  apparently  be 
extended.  Having  been,  to  a  certain  extent,  founded  upon  a 
little  treatise^  entitled  "  How  to  Observe  in  Geology,*'  long 
since  out  of  print,  a  somewhat  similar  name  has  been  retained 
for  the  present  volume. 

H.  T.  De  la  Beche. 
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INTRODUCTION. 


Obseryatioxs  have  now  been  snfficiently  extended  and  mul- 
tiplied to  show  thati  during  a  long  lapse  of  time,  the  surface  of 
our  planet  has  been  undergoing  modifications  and  changes.  Of 
these  the  most  marked  have  been  produced  by  the  uprise  of 
mineral  matter  in  a  molten  state  from  beneath  that  surface  ;  the 
wearing  away  and  removal  to  other  localities  of  this  matter, 
either  in  its  first  state,  after  cooling,  or  in  some  secondary  con- 
dition, by  atmospheric  influences  and  waters  variously  dis- 
tributed for  the  time  being ;  the  preservation  of  the  remains  of 
animal  and  vegetable  life  during  at  least  a  portion  of  this  lapse 
of  time  amid  deposits  accumulated,  for  the  most  part,  in 
horizontal  layers  beneath  waters,  and  by  the  unquiet  state  of 
the  earth's  surface  itself,  from  which,  while  considerable  areas 
have  been  at  difierent  times  raised  slowly  above,  and  depressed 
beneath  the  level  of  the  ocean,  occasionally  whole  masses  of 
mineral  matter  of  various  kinds  have  been  squeezed,  bent,  and 
plicated,  sometimes  ridged  up  into  ranges  of  mountains. 

To  enable  the  geologist  systematically  to  proceed  with  his 
researches,  it  became  as  needful  for  him  as  for  other  cultivators 
of  science  to  have  the  power  of  classifying  his  observations. 
Of  the  various  classifications  proposed  or  modified  at  difii3rent 
times  to  satisfy  the  amount  of  knowledge  of  those  times,  it 
would  be  out  of  place  here  to  make  mention,  further  than 
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to  remark  that  at  present  a  more  mixed  classification  is 
often  employed  than  seems  desirable.  For  example,  it  is  not 
unusual  for  the  term  tertian/  or  tertiariesy  to  be  applied  to 
all  accumulations  posterior  to  the  chalk  of  western  Europe, 
while  the  other  terms  of  secondary  and  primary  or  primitive, 
to  which  it  has  reference,  are  scarcely  or  seldom  now  men- 
tioned. We  have,  again,  a  mi^ed  nomenclature  for  the  groups  of 
deposits,  or  the  deposits  themselves,  for  which  it  has  been  thought 
desirable  to  find  distinctive  names.  AVhile  some  groups  are 
referred  to  localities,  such  as  Cambrian,  Silurian,  Jurassic,  and 
the  like ;  others  are  named  after  some  circumstance  supposed 
characteristic,  such  as  carboniferous,  from  containing  the  great 
coal  deposits  of  Europe  and  North  America ;  or  oolitic,  from 
many  of  the  limestones  in  it  being  oolitic,  that  is,  resembling 
the  roe  of  a  fish,  being  composed  of  numerous  small  rounded 
grains,  formed  of  concentrically  arranged  coatings  of  calca* 
reous  matter. 

It  has  been  often  considered  that  names  derived  from  localities 
where  certain  deposits  have  been  taken  as  types,  are  pre- 
ferable to  those  pointing  to  any  mineral  structure,  inasmuch, 
as  not  only  can  the  geologist  readily  make  himself  &miliar 
with  the  kind  of  accumulations  intended  to  be  represented  by 
the  names,  by  visiting  and  studying  the  localities  whence  they 
are  taken,  but  as  also  particular  mineral  structures  having 
been  repeated  as  often  as  the  conditions  for  them  arose,  they 
form  no  guide  for  determining  the  relative  age  of  rocks,  what- 
ever may  have  been  the  impression  when  names  of  that  kind 
were  given,  and  geological  science  less  advanced  than  at  present. 
The  two  structural  names  mentioned  are  thus  liable  to  ob- 
jection, carboniferous  deposits  extending  from  an  earlier  period 
than  that  supposed  to  be  represented  by  the  term,  and  up  to 
the  higher  accumulations  above  the  cretaceous  series  inclu- 
sive,  and  the  oolitic  character  reaching  from  limestones  amid 
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the  earlier  foesiliferous  rocks  to  the  present  day.*  The 
mixed  character  of  the  present  geological  nomenclature  arises, 
no  doubt,  from  the  manner  in  which,  from  time  to  time, 
various  geologists  have  directed  attention  to  different  rocks 
or  accumulations  of  them,  those  names  having  generally  re- 
mained  which  have  been  found  convenient  and  sufficient,  up  to 
the  present  time^  for  the  purposes  for  which  they  have  been 
employed. 

The  igneous  products  being  those  from  which  the  chief  part, 
if  not  the  whole,  of  the  detrital,  and  even  chemical  deposits 
have  been  directly  or  indirectly  derived,  it  would  appear 
desirable  to  consider  them  in  the  first  place.  Wliatever  the 
views  entertained  of  the  fluid  condition  of  our  planet,  whence 
its  form  has  resulted,  such  fluid  condition  produced  by  heat 
sufficient  to  keep  all  its  component  parts  in  that  state,  the 
present  condition  of  the  earth's  surface  in  dispersed  localities 
shows  an  abundance  of  points  through  which  igneous  products 
are  now  ejected,  and  the  more  extended  the  observation,  the 
more  certain  does  the  inference  appear  correct,  that  the  like 
has  happened  from  the  earliest  times ;  at  least  since  the  seas 
were  tenanted  by  life.  It  has  also  been  ascertained  that 
molten  matter  has  risen  from  beneath  in  more  massive  forms, 
and  in  a  manner  with  which  we  are  not  familiar,  as  now  oc- 
ciu'ring,  though  such  molten  masses  may,  indeed,  be  formed 
at  depths  in  the  earth's  crust,  whence  only,  future  geolopcal 
changes  could  bring  them  above  the  level  of  the  sea.  At 
all  events,  this  massive  form  of  intrusion  is  found  amid  com- 
paratively recent  geological  accumulations,  as  well  as  among 
those  of  die  most  ancient  date. 

The  mode  of  occurrence  of  the  igneous  rocks,  which  will  be 
found  treated  of  in  its  place  in  the  following  pages,  would  seem 

*  One  of  the  limestones  of  the  lower  Silarian  series  in  North  Wales,  the 
Rbiwlas  near  Bala*  is  oolitic. 
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to  point  to  their  classification  according  to  their  chemical  and 
inineralogical  characters,  so  that  any  resemblance  or  difierence 
that  may  exist  between  them,  may  be  traced  through  the  lapse 
of  geological  time,  the  relative  dates  of  their  appearance  being 
obtained  by  means  of  the  accumulations  with  which  they  may  be 
associated,  and  to  which  relative  geological  dates  can  be  as- 
signed. Having  entered  upon  these  characters  in  the  sequel, 
the  following  sketch  of  the  more  prominent  of  the  igneous  rocks 
may  here  suflSce  :  — 

Granitic  Rocks, — I'hose  composed  of  a  granular  mixture  of 
quartz,  felspar  (whether  orthoclase,  albite,  or  labradorite),  and  mica, 
with,  occasionally,  the  addition  of  schorl  and  some  other  minerals. 
As  the  aspect  of  these  rocks  varies  considerably  according  to  original 
chemical  composition  or  the  mode  of  cooling,  a  great  variety  of 
appearances  are  assumed,  to  which  names  have  been  assigned.  It 
thus  becomes  desirable  that  these  characters  should  be  given  when- 
ever it  can  be  accomplished,  and  that  the  mere  term  granitic  be 
accompanied  by  mineralogical  detail,  and  by  a  statement  of  the 
chemical  composition,  so  that  correct  data  may  be  collected  for  a 
proper  appreciation  of  the  real  differences  and  resemblances  of  the 
rocks  commonly  thus  named. 

Felspathic  Rocks, — The  separation  of  these  from  the  foregoing 
may  often  be  regarded  as  somewhat  imaginary,  as  indeed  is  the  case 
with  definite  classifications  of  the  great  bulk  of  the  igneous  rocks, 
passing,  as  they  sometimes  do,  into  each  other  in  masses  of  no  very 
extraordinary  volume.  The  variety  known  as  compact  felspar  is 
most  frequently  a  compound  of  the  elements  of  some  felspar,  with  a 
surplusage  of  silicic  acid  beyond  that  required  for  the  silicates  of 
that  mineral,  so  that  when  opportunities  have  occurred  for  crystal- 
lization of  the  parts,  the  result  has  been  a  compound  of  felspar  and 
quartz,  or  a  granitello,  as  it  has  been  sometimes  termed,  in  that  case 
a  modification  of  the  granitic  rocks  when  the  same  minerals  may 
alone  constitute  a  portion  of  a  general  mass.  The  trachytes  of 
active  volcanos  and  those  termed  extinct,  and  of  comparatively 
recent  geological  date,  may  represent  the  more  pure  felspathic 
rocks,  when  wholly  formed  of  felspars,  though  it  would  appear  that 
similar  rocks  are  also  found  amid  the  igneous  products  of  very 
'lucient  geological  periods.  Felspathic  matter,  that  is,  the  various 
component  substances  in  proportions  which  would  form  minerals  of 
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the  felspar  family,  (allowing  for  that  substitution  of  one  substance 
for  another,  termed  isomorphism,)  if  crystallized,  should  at  least 
constitute  the  great  bulk  of  these  rocks,  whatever  others  may 
be  entangled  among  them. 

Hontblendic  Bocks. — These,  including  among  them  the  rocks  in 
which  augite  is  substituted  for  hornblende,  form  a  somewhat  natural 
division,  so  far  as  the  prevalence  of  these  minerals  may  be  sufficient  to 
give  a  cliaracter  to  the  mass  of  an  igneous  rock,  inasmuch  as 
silicate  of  lime  is  a  marked  ingredient,  in  addition  to  the  silicate  of 
magnesia,  another  essential  substance,  and  protoxide  of  iron,  gene- 
rally present,  sometimes  replacing  much  of  the  lime  and  magnesia. 
In  this  division,  therefore,  are  included  the  dolerites  and  basalts  of 
active  and  extinct  volcanic  products,  and  the  greenstones,  generally 
of  more  ancient  date.  In  dolerites,  silicate  of  lime  is  also  present 
in  the  labradorite,  when  that  member  of  the  felspar  iamily  is 
mingled  with  the  augite  of  that  rock.  Taken  as  a  whole,  the  horn- 
blendic  or  augitic  rocks  are  compounds  of  those  minerals  and  some 
member  of  the  felspar  family,  there  being  sometimes  an  excess  of 
silica  beyond  the  amount  required  for  the  various  silicates  in  the 
hornblende  or  augite,  and  felspar ;  this  excess,  then,  as  it  were, 
thrust  aside  as  quartz. 

Serpentinous  Rocks, — To  a  certain  extent  these  also  appear  a 
somewhat  natural  group  of  igneous  products,  especially  when  viewed 
with  reference  to  a  peculiar  aspect  and  the  presence  of  silicate  of 
magnesia  and  combined  water,  as  constituting  the  bulk  of  the  rock. 
In  the  sequel  we  have  endeavoured  to  show  the  correspondence  be- 
tween the  varieties  of  serpentine,  considered  the  most  pure,  and  olivine, 
a  common  mineral  in  certain  molten  products  of  active  and  extinct 
volcanos.  The  rocks  of  this  division  vary,  however,  somewhat 
materially  in  their  constituent  substances,  and  in  the  proportions  of 
them.  Taking  bronzite  to  be  the  mineral  usually  named  diallage,  it 
would  appear  little  else  than  the  silicate  of  magnesia  of  the  matter  of 
the  purer  serpentine  mingled  with  a  minor  proportion  of  protoxide 
of  iron,  and  a  little  alumina,  crystallized,  a  small  quantity  of  water 
also  forming  a  part  of  it.  The  mineral  now  chiefly  named  diallage^ 
contains  sufficient  lime  in  addition  to  make  it  essentially  a  silicate 
of  lime  and  magnesia,  with  also  a  marked  quantity  of  oxide  of  iron. 
In  the  compound,  sometimes  largely  crystallized,  termed  diallage 
rock  {gahbro\  and  not  unfrequently  associated  with  serpentine,  the 
so-termed  diallage  has  to  be  carefully  examined.  In  all  these  rocks, 
whatever  their  variations,  magnesia  is  a  marked  ingpredient 
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Porphyritic  Rocks, — Though,  no  doubt,  various  kinds  of  mineral 
matter  which  have  been  in  a  molten  state  may  be  porphyritic,  that 
is,  have  some  mineral  or  minerals  crystallized  out  and  apart  from 
the  mass  of  the  remainder  of  the  rock,  it  seems  nevertheless  conve- 
nient, for  the  present,  to  notice  these  rocks  as  a  group.  Even  amid 
vitreous  matter,  from  comparatively  quick  cooling  after  fusion, 
definite  chemical  combinations  may  be  crystallized,  and  dispersed 
through  such  matter.  This  can  be  artificially  accomplished  in  our 
laboratories,  and  silicate  of  lime  in  crystals  can  be  obtained  dis- 
persed through  ordinary  glass.  In  the  arrangement  of  particles, 
beyond  the  vitreous  condition,  forming  the  compact  and  stony  state, 
the  porphyritic  character  is  not  rare  among  rocks  ;  crystals,  such  as 
those  of  felspar,  being  dispersed  amid  a  base  of  compact  mineral 
matter.  When  the  latter  is  chiefly  felspathic,  the  rock  is  usually 
known  as  felspar  porphyry.  In  like  manner  crystals  of  other 
minerals  are  also  thus  dispersed  amid  a  similar  base,  such  as  those  of 
quartz  and  mica.  The  base  or  general  mass  of  the  rock  is  occa- 
sionally granular,  such  as  a  compound  of  felspar^and  hornblende, 
constituting  greenstone,  with  dispersed  crystals  of  felspar  or  horn- 
blende, such  base  having  thus  advanced  to  a  state  of  confused  crys- 
tallization. These  are  usually  termed  greenstone  porphyries.  In 
like  manner,  certain  granites  become  porphyritic,  from  separate 
crystals  of  felspar  being  scattered  among  the  general  compound, 
confusedly  crystallized,  and  the  rock  is  then  called  a.  porphyritic 
granite.  Even  serpentines  become  in  a  mauner  porphyritic  when 
crystals  of  bronzite  or  dialiage  are  dispersed  through  a  base  of  that 
rock.  The  apparent  conditions  are  that  the  chemical  composition 
and  the  mode  of  cooling  of  the  general  mass  are  such  that  certain 
constituent  substances  can  combine  and  form  separate  and  definite 
crystallized  bodies,  the  remainder  of  the  rock  either  not  attaining 
the  state  when  definite  mineral  compounds  can  be  formed,  or  only 
doing  so  after  the  production  of  the  first  formed  minerals,  and  then 
in  a  confused  manner,  not  interfering  with  the  forms  of  the  crystals 
first  produced. 

With  regard  to  tlie  mineral  accumulations  derived  cither 
dii'cctly  or  indirectly  from  the  igneous  rocks,  and  spread  over 
areas  of  varied  extent  and  form,  by  means  of  water,  there  is  a 
large  mass,  more  or  less  characterized  by  the  presence  among 
it  of  the  remains  of  animals  and  plants  existing  at  different 
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periods,  and  so  perishing,  that  portions  of  them,  commonly  only 
the  harder  parts,  have  been  entombed  in  the  mineral  accumu- 
lations of  such  different  times. 

Observation  has  shown  that  these  accumulations  have  suc- 
ceeded one  another,  as  the  various  detrital  deposits  in  lakes  and 
seas  now  succeed  those  which  have  preceded  them,  so  that  when 
the  ancient  sea  or  lake  bottoms,  which,  elevated  into  the  at- 
mosphere, now  constitute  so  large  a  portion  of  dry  land,  can  be 
studied  in  clifis  or  other  natural  sections,  or  by  artificial  cuttings 
or  perforations,  their  manner  of  succession  can  be  ascertained. 
The  more  investigations  have  advanced,  the  more  does  it  ap- 
pear that  these  organic-remain  bearing,  or  fossiliferous  rocks^ 
as  they  have  been  termed,  have  been  deposited  and  arranged  as 
similar  accumulations  now  are  in  rivers,  estuaries,  lakes,  and 
seas.  Hence,  the  geologist,  in  endeavouring  to  ascertain  the 
range  of  such  fossiliferous  deposits  at  any  given  time  upon  the 
earth's  sur£Eu;e,  has  to  consider  the  relative  amount  and  posi- 
tion of  the  land  and  waters  of  that  time,  with  all  their  modify- 
ing influences,  as  also  the  various  conditions  under  which  the 
life  of  the  period  may  have  been  distributed,  and  its  remains 
entombed  amid  the  detrital  and  chemical  deposits  of  the  day. 
In  fact,  he  has,  from  all  the  evidence  he  can  collect,  to  suppose 
himself  studying  tlie  state  of  the  earth's  surface,  at  such  given 
time,  as  well  with  respect  to  its  physical  condition  as  the 
existence  and  distribution  of  life  upon  it. 

Viewing  the  fossiliferous  rocks  in  this  manner,  it  may  be  that 
some  of  those  divisions  among  them,  which  it  has  been  found 
convenient  to  make  for  their  more  ready  description,  and  the 
tracing  of  certain  states  of  a  sea-bottom  over  minor  areas,  have 
been  too  minute,  regarded  as  divisions  applicable  to  the  surface 
of  the  earth  generally,  since  it  is  not  to  be  supposed  that  par- 
ticular mud  or  sand  banks^  however  considerable  locally,  were 
more  likely  to  have  bcch  formerly  continued,  even  at  intervals. 
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over  the  earth's  surface  than  they  now  are.  At  the  same  time 
such  minor  divisions  showing  the  constancy  or  modification  of 
conditions,  as  the  case  may  be,  over  the  minor  areas,  are  im- 
portant, inasmuch  as  it  is  by  a  correct  appreciation  of  this  de- 
tail and  the  careful  consideration  of  how  much  may  be  regarded 
in  that  light  and  how  much  as  more  general,  that  we  learn  the 
true  value  of  the  latter,  and  the  restrictions  which  should  be 
placed  upon  our  views  derived  from  the  former. 

Assuming  the  general  condition  of  the  earth's  surface  during 
the  accuttiulation  of  the  varied  deposits  in  which  the  remains 
of  animal  and  vegetable  life  have  been  entombed,  to  have  been 
formerly  much  as  at  present,  regarding  the  subject  on  the 
large  scale,  and  without  reference,  for  the  moment,  to  the  vari- 
able distribution  of  land  and  water,  or  to  whether  the  heat  in 
the  earth  itself  may  or  may  not,  in  remote  times,  have  had  a 
greater  influence  on  the  life  of  those  times  than  at  present,  the 
sea  would  appear  to  have  been  the  chief  receptacle  of  the  vari- 
ous mineral  accumulations  of  all  periods,  so  that  classifications 
of  the  fossiliferous  rocks,  founded  on  a  succession  of  deposits  in 
it,  would  probably  be  alike  the  most  useful  and  natural.  The 
manner  in  which  marine  invertebrate  animals  now  live,  and  the 
mode  in  which  the  remains  of  similar  animals  occur  amid  the 
fosssiliferous  rocks,  is  such,  that  this  division  of  life  seems 
now  very  generally  admitted  as  the  most  appropriate  on  which 
to  base  classifications  founded  on  the  distribution  of  animals, 
the  remains  of  which  are  discovered  entombed  in  rocks.  We 
must  refer  to  succeeding  pages  for  notices  of  the  manner  in 
which  the  remains  of  life  are  now  preserved  in  mineral  deposits, 
and  for  certain  points  connected  with  the  occurrence  of  such 
remains  in  the  accumulations  of  various  geological  dates  which 
it  appears  desirable  to  bear  in  mind  while  studying  the  fossili- 
ferous rocks.  It  will  be  sufficient  here  to  mention  that,  after 
duly  first  ascertaining  the  actual  relative  superposition  of  the 
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various  mineral  accumulations  themselves  for  evidence  of  their 
real  succession,  and  examining  the  remains  of  animal  and  vege- 
table life  which  have  been  found  in  them,  it  has  been  inferred 
tliat  certain  minor  and  major  divisions  may  be  effected  in  the 
general  mass  which  shall  represent  the  kinds  of  sea-bottoms 
marking  given  and  succeeding  geological  times.    Without,  in  the 
least,  doubting  that  much  modification  may  not  be  found  needed 
in  classifications  founded  upon  the  examinations  of  even  con- 
siderable areas,  when  an  effective  classification,  representing 
the  main  facts  connected  with  the  accumulation  and  spread  of 
fossiliferous  rocks  over  large  portions  of  the  earth's  surface,  may 
be  needed,  it  still  becomes  desirable  to  have  that  which  may 
satisfy  the  requirements  for  the  time  being.      The  following 
sketch,  therefore,  of  the  general  divisions  at  present  considered 
desirable  for  the  area  of  Western  Europe,  and  supposed,  in  part 
at  least,  to  be  found  also  convenient  for  the  mode  of  viewing  the 
fossiliferous  deposits  in  many  other  parts  of  the  world,  may  be 
useful,  especially  as  respects  the  major  divisions. 

Upfer  Stbatifibd  or  Fossiliferous  Rocks. 

I.  Tertiary,  or  Cainozoic. 
II.  Secondary,  or  Mesozoic. 
III."  Primary,  or  Palsozoic. 

/.  Tertiary,  or  Cainozoic. 

(a  Mineral  accomnlations  of  the  present  time. 
h  Pleistocene, 
c  Pleiocene. 

B,  Middle  Tertiary    .     .    a  Miocene. 
C  Lower  Tertiary     .     .     a  Eocene. 

//.  Secondary  f  or  Meeozoic. 

a  Chalk  of  Maestricht  and  Denmark. 

b  Ordinary  chalk,  Tvith  and  without  flints. 

A.  Cretaceous  Group  .     .  T  ^^"^"^  ^*»'  ^^  ^pper  Green  Sand. 

*^  IrfGault. 

e  Shanklin  Sands,  Vecten,  Neocomian,  or  Lower 
Green  Sand. 
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B,  Marine  eqaWalents  of. 


'a  Wealden  clay  ' )  Organio  remaina  in  these  are 
6  Hastings  sands  .  >  of  a  flnyiatile,  lacustrine,  or 
c  Purbeck  series    .  j  estuary  character,* 


a  Portland  oolite  or  limestone.f 
c  Portland  sands. 
d  Kimmeridge  clay. 
e  Coral  rag,  and  its  accompanying  grits. 
/Oxford  clayy  with  Kelloways  rock. 
C  Jurassic  or  Oolitic  group^  g  Combrash. 

h  Forest  marble,  and  Bath  oolite. 
i  Fuller's  earth,  clay,  and  limestone. 
k  Inferior  oolite,  and  its  sands. 
/  Lias,  upper  and  lower,  with  its  intermediate 
ntarlstone. 


./ 


T>.  Trias  group  { 


\a  Variegated  marls,  Mames  Iris^,  Keuper. 

6Mu8chelkalk  § 

c  Red  sandstone,  Gr^s  Bigarr^,  Bnnter  sandstein. 


A,  Permian  group 


///•  Primary f  or  Pdlaozoic, 

a  Zecbstein,  Dolomitie  or  magnesian  limestone. 
b  Rothe  todte  liegende,  lower  new  red  conghr 
merate  and  sandstones,  Gr^  Rouge. 


*  The  recent  researches  of  Professor  Edward  Forbes  among  the  Purbeck 
series  have  fully  illustrated  the  prudence  of  not  trusting  to  fresh-water  molluscs 
as  characterising  particular  divisions  in  deposits,  at  least  those  ranging  down- 
wards to  that  part  of  the  fossiliferous  series,  he  having  ascertained  that  it  required 
most  carefVil  critical  examination  to  distinguish  the  fresh-water  shells  of  that 
series,  as  it  occurs  at  Purbeck,  from  those  of  certain  existing  fresh- water  molluscs 
in  England  and  part  of  Europe. 

t  The  minor  divisions  of  this  group  have  been  given  with  reference  to  those 
usually  employed  in  England,  for  the  sake  of  English  observers.  Many  modi- 
fications have  been  shown  to  be  effected  in  other  European  countries.  Of  these 
divisions  that  of  the  Oxford  clay  and  lias  would  appear  much  extended. 

{  The  Trias  and  Permian  groups  afford  an  example,  as  regards  the  British 
islands,  of  a  classification  taken  from  organic  remains  in  preference  to  the  mode 
of  occurrence  of  the  rocks  themselves^  these  groups  here  constituting  parts  of  a 
general  series  of  deposits  with  a  somewhat  marked  general  character,  known  as 
the  new  red  sandstone.  Certain  general  physical  conditions  were  prevalent 
during  the  accumulation  of  these  deposits  in  Great  Britain,  and  certain  portions 
of  Western  Europe,  at  the  time  that  a  modification  in  the  life  of  the  period  was 
apparently  effected  in  the  same  area  and  those  adjacent  to  it  on  the  north  and  east. 

§  In  the  collections  lately  brought  to  England  by  Captain  Strachey,  Bengal 
Engineers,  after  an  examination  of  the  Himalaya  range,  the  forms  of  certain 
organic  remains  fi'om  the  Thibet  side  of  those  mountains  remind  the  geologist 
of  those  found  marking  the  Muschelkalk  of  Germany ;  an  interesting  circum- 
stance, considering  the  range  of  that  rock  in  Europe. 
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B.  Marine  equiyalentt  of  ("  ^oal  maunre..  Terrain  HoniUer.  Stein  KoWen 

I.     Geberge. 

I  a  Carboniferoiu  and  monntidD  limestone,  with  its 
coal,  sandstone,  and  shale  beds  in  some  districts. 
Calcaire  carbqnif^re,  Bergkalk. . 
b  Carboniferous  slates  and  yellow  sandstone. 


V,  Devonian  gronp 


a  Yarions  modifications  of  the  old  red  sandstone 
series. 


a  Upper;  Lndlow  Rocks,  Wenlock  shale  and' 
limestone,  Woolhope  Limestone. 
JC.  Silurian  group      .     .  j  ^  Middle  j  Caradoc  sandstone  and  conglomerate. 

.c  Lower ;  Llandeilo  and  Bala  beds. 

'a  Barmouth  sandstones,  Penrhyn  slates,  &c  Va- 
rious rocks  subjacent  to  the  Silurian  series  in 
Wales  and  Ireland,  and. above  the  mica  and 
chlorite  slates,  quartz,  and  other  rocks  of 
Anglesea  and  part  of  Caemarronshire. 


F.  Cambrian  group 


Lower  Stratified  Hocks. 

Although  alteration  in  the  mineral  character  of  the  fossiliferoiis 
rocks,  as  is  noticed  in  the  sequel,  from  the  influence  of  intruded 
igneous  matter  in  a  molten  state,  or  arising  from  other  modifying 
causes,  often  produces  mica  slates,  hornblende  slates,  gneiss,  and 
other  forms  of  laminated  and  stratified  deposits  with  a  peculiar 
aspect,  there  appears,  nevertheless,  evidence  in  Scandinavia  and  the 
British  Islands,  and  Aao  in  other  parts  of  Europe,  to  show  that 
beneath  all  the  fossiliferous  rocks  above  noticed,  there  are  mica  and 
chlorite  slates,  quartz  rocks,  crystalline  limestones,  gneiss,  horn- 
blende, and  other  rocks,  of  earlier  production.*  These  may  indeed 
be  merely  altered  or  metamorphosed  detrital  and  chemical  deposits 
of  earlier  times,  and  possibly  organic  remains  may  be  eventually  dis- 

*  When  the  great  thickness  of  these  deposits  in  Europe  and  America  is  con- 
sidered, it  becomes  very  desirable  to  find  their  marine  equivalents,  inasmuch  as 
the  conditions  under  which  the  great  mass  of  these  coal  measures  have  been 
accumulated,  as  has  been  noticed  in  the  sequel,  could  scarcely  constitute  other- 
wise than  minor  parts  of  the  general  deposits  of  the  time.  It  is  easy  to  conceive, 
as  has  indeed  been  done,  that  the  marine  equivalents  might  contain  either  the 
orgamc  remains  usually  found  in  the  deposit  beneath  them  in  parts  of  West- 
em  Ehirope,  or  those  found  in  the  group  above  them,  or  a  mixture  of  both.  In 
Northern  England  the  alternations  of  conditions  by  which  coal  beds  were  in- 
cluded in  the  carboniferous  limestone,  did  not  interrupt  those  for  the  existence 
of  a  marked  kind  of  marine  animal  life  in  the  same  localities.^ 
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covered  in  them  ;  but  until  this  shall  happen  it  seems  desirable  to 
keep  them  asunder,  for  the  convenience  of  showing  previous  accu- 
mulations to  those  noticed  in  the  last  division.* 

It  would  be  out  of  place  to  attempt  extended  descriptions  of 
the  various  rocks  noticed  in  the  above  sketch.  Information  res- 
pecting them  will  be  obtained  by  reference  to  works  in  which  such 
descriptions  are  inserted^  and  still  better  by  studying  collections, 
with  the  aid  of  a  competent  person,  in  which  their  varied  cha- 
racteristics, as  well  mineral  as  palssontological  (when  fossilifer- 
ous),  may  be  carefully  considered  and  effectively  displayed.  The 
field,  however,  is  the  great  source  of  geological  knowledge, 
however  important  the  cabinet,  in  its  place,  may  also  be :  it  is 
there  that  the  observer  learns  to  appreciate  the  greater  problems 
of  geology,  and  where  he  may  himself  so  materially  assist  in 
obtaining  correct  views  of  the  modifications  which  the  earth's 
surface  has  undergone  in  past  times,  and  of  the  causes  tending 
to  obliterate  its  present  condition. 

*  Though  a  complicated  district,  and  requiriDg  much  caution  during  ez- 
aminatioD,  the  Island  of  Anglesea,  now  so  readily  accessible,  taken  in  oonjunc- 
tion  irith  the  adjoining  portions  of  Caernarvonshire,  will  afford  the  obserrer 
good  opportunities  for  studying  some  portion  of  this  division,  the  more  especially 
as  the  Cambrian  group  can  be  well  seen  in  the  vicinity  of  Bangor,  Caemar- 
Tonshire.  Hence,  perhaps,  the  term  Motia  ieries,  might  not  be  inapplicable  to 
these  lower  stratified  rocks,  viewed  merely  as  a  convenient  name  for  the  pre- 
sent, thu  series  being  thus  easily  studied  in  connexion  with  the  Cambrian  and 
Silurian  rocks  of  North  Wales. 


THE 


GEOLOGICAL  OBSERVER. 


As  geological  knowledge  advances,  the  more  evident  does 
it  become  that  we  should  first  ascertain  the  various  modifica- 
tions and  changes  which  now  take  place  on  the  surface  of  the 
earth,  carefully  considering  their  causes,  and  then  proceed  to 
employ  this  knowledge,  so  far  as  it  can  be  made  applicable,  in 
explanation  of  the  facts  seen  in  connexion  with  the  geological 
accumulations  of  prior  date.  This  done,  we  should  proceed  to 
view  those  not  thus  explained,  with  reference  to  the  conditions 
and  arrangements  of  matter  which  the  form  of  our  planet,  the 
known  distribution  of  its  heat,  the  temperature  of  the  sur- 
Tounding  space,  and  other  obvious  circumstances,  may  lead  us 
to  infer  would  be  probable  during  the  lapse  of  geological  time. 

L  Decomposition  of  Bocks, — ^The  geological  observer  cannot 
long  have  been  engaged  in  his  investigations  before  he  will  be 
struck  with  the  tendency  of  rocks  to  decompose  by  the  action 
of  atmospheric  influences  upon  them.  He  will  soon  perceive 
that  this  decomposition  is  both  chemical  and  mechanical ;  that 
certain  mineral  bodies  more  readily  give  way  before  these 
influences  than  others ;  and  that  from  altered  conditions,  as 
regards  them,  the  same  kinds  of  rock  will  more  easily  de- 
compose in  one  situation  than  in  another. 

It  is  in  consequence  of  this  decomposition  that  we  have  soils 
supporting  that  growth  of  vegetation  upon  which  animal  life 
depends,  as  adjusted  upon  our  planet ;  for  soils  are  but  the 
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decomposed  parts  of  sea  or  lake  bottoms  and  of  igneous  accu- 
mulations,  with  the  remains  of  the  vegetation  which  has  grown 
on  them,  and  of  the  animals  which  have  lived  upon  the  plants. 
From  the  configuration  of  the  surface  the  decomposed  portions 
of  rocks,  forming  soils,  may  not  always  cover  those  from  whence 
they  were  derived,  for  they  may  and  sometimes  have  been 
carried,  mechanically  suspended  in  water,  to  various  dis- 
tances, and  there  deposited,  in  such  a  manner  as  to  be  mingled 
with  the  decomposed  portions  of  other  rocks,  or  wholly  cover 
over  the  latter.  Be  this,  however,  as  it  may,  the  decomposed 
parts  of  rocks  form  the  base  of  the  soils,  afibrding  soluble 
mineral  matter  to  the  plants  requiring  it,  and  presenting  a 
physical  structure  capable  of  supporting  their  growth. 

The  decomposition  of  rocks,  in  its  various  stages,  will 
require  much  attention  on  the  part  of  the  observer,  so  that  he 
may  properly  classify  the  fiiets  coming  within  the  range  of  his 
researches.  Among  rocks  of  igneous  origin,  such  as  granites, 
greenstones,  and  the  like,  he  will  find  that  the  decomposition 
of  felspar  is  among  the  chief  causes  of  the  disintegration  of  the 
igneous  masses  of  which  this  mineral  may  form  a  part  It 
would  be  out  of  place  here  to  rater  upon  the  composition  of 
the  various  minerals  of  the  felspar  family  ;*  it  will  be  suf&cient 
to  refer  to  those  portions  of  them  which  are  soluble,  such  as  the 
silicates  of  potash  or  soda,  as  the  case  may  be.  The  particles 
once  loosened  by  the  abstraction  of  the  matter  removed  in 
solution,  rains  and  changes  of  temperature,  particularly  in 

*  Seven  analyses  of  common  flelspar  by  Klaproth,  Vaaquelin,  Bnchol^  Rose, 

BeiHiier,  and  Bendant  would  gire  as  a  mean — 

Silica 64*04 

^Jumiiia    « 18*94 

Potash 13*66 

Lime 0.76 

Oxtda^ofiron     .....         0*74 
For  albile»  or  felspar,  into  the  composition  of  which  soda  enters  Isstead  of 

potash,  four  analyses  by  Tengstrom,  Eggertz,  Rose  and  Stromeyer  give — 

SlKcft 69*45 

Alumina    .«.•.,«        19*44 
Soda         .««....         9*95 

Lime 0-22 

Magnesia 0*13 

Oxideaofironan^maogaiieae  Ot*27 
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reffotm  Tinted  by  fWMits,  act  mechamcally^  and  the  surface  of 
the  rook,  under  favoorable  conditions,  is  removed.  From  a 
repetition  of  the  same  causes  the  rock  becomes  decomposed  to 
various  depths,  according  to  circumstances.  In  cases  where 
the  remaining  portions  are  dther  too  large  or  so  situated  as 
not  to  be  readily  carried  away,  a  coating  of  the  disintegrated 
insoluble  part  remains,  and  to  a  certain  extent  protects  the 
solid  rock  beneath  from  that  decomposition  which  it  would 
otherwise  have  suffered. 

In  many  granitic  regions  ample  opportunities  of  observing 
the  amount  of  decomposition  thus  produced  are  afforded ;  high 
tors  or  bosses  of  rock  rising  above  portions  in  a  decomposed 


r   .^—  -'-  -'!^'^iy^^jSr^''^:\ 


{j:^^ 


state  (fig.  1),  while  hard  masses,  having  the  fallacious  appear- 
ance of  boulders,  rounded  by  attrition,  are  included  in  the 
loose  decomposed  granite,  as  represented  beneath  (fig.  2}. 


Pig.  2. 


Hiis  illustration  is  taken  from  part  of  the  road  between 
Okehampton  and  Moreton  Hampstead,  Devon,  a  represents 
the  vegetable  soil ;  b  decomposed  granite  ;  c  c  solid  rounded 
T^ABOPA  ^  undeoomposed  granite^  included  in  the  decomposed 
part;  and  <{<I  solid  granite. 

In  such  a  section  as  this,  great  care  should,  however,  be 
taken,  so  that  it  may  be  certain  that  cc  are  not  transported 
boulders  of  granite,  included  in  smaller  granitic  gravel,  as 
sometimes  happens  with  granitic  drift,  near  the  sources  whence 
it  has  been  derived.  Fortunately  in  this  case  the  observer 
would  be  assisted  by  the  presence  of  large  crystals  of  felspar 


.     A 
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disseminated  through  all  parts  of  the  rock,  both  decomposed 
and  undecomposed,  and  which  are  beautifully  preserved,  re- 
maning uninjured  in  their  forms  and  in  their  relative  posi- 
tions throughout  the  decomposed  granite. 

In  granitic  r^ons,  sections  such  as  that  beneath  (fig.  3),  in 

Pig.  3. 


c 


which  a  represents  the  vegetable  soil,  as  it  is  commonly  termed, 
b  the  decomposed,  and  c  the  solid  granite,  are  not  unfrequent. 
Sections  of  this  appearance  should,  however,  be  carefully 
examined,  and  it  be  clearly  ascertained  that  the  granitic  par- 
ticles at  b  are  of  the  same  kind,  and  in  the  same  general  rela- 
tive positions,  as  those  at  c,  and  that  there  can  be  no  chance  of 
their  having  been  brought  into  their  present  position  by  moving 
water.  The  quantity  of  transported  granitic  matter  around 
granite  districts,  as  also  among  them,  is  sometimes  so  con- 
siderable that  a  superficial  deposit  of  granitic  particles,  cover- 
ing a  very  difierent  kind  of  rock,  may,  without  due  care,  be 
mistaken  for  a  mass  of  decomposed  granite.  In  the  same  way 
the  remains  of  the  rock  of  one  part  ofa  granitic  region  maybe 
removed  and  cover  the  rock  of  another  portion. 

Among  those  trappean  rocks  in  which  hornblende*  forms  a 
marked  component  part,  it  sometimes  happens  that  this  mineral 
is  found  decomposed,  the  rock  presenting  a  ferruginous  aspect, 
from  the  iron  in  it  having  been  converted  into  a  peroxide. 
Greenstones,  in  which  the  felspar  and  hornblende  have  both  been 

•  The  analyses  of  bomblende  Tary.  The  fbUowing  is  of  that  of  Pargas,  by 
Boofldor^  and  i^prooehes  the  mean  of  several  analyses  of  hornblende  from 
different  places  :— 

SUica 45*69 

Alumina IS*  IS 

lime 13*83, 

Magnesia 18*79 

Protoxide  of  iron         ....  7*32 

— —  of  manganese                         .  0*23 

Flaoricacid 1*60  t 
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decomposed,  are  in  some  situations  thickly  coated  with  a  loose 
coveri^.  The  variable  manner  in  which  a  mass  of  trap  that 
has  been  placed  under  equal  atq^ospheric  conditions  has  been 
unequally  decomposed,  will  often  afford  an  CKcellent  illustra- 
tion of  the  original  differences  in  the  rock,  arising  not  only 
from  a  different  arrangement  >of  the  component  parts,  but  also 
from  their  varied  manner  of  aggregation,  in  consequence  of 
diflerences  in  cooling. 

Some  dykes,  as  well  of  granitic  as  of  trappean  rocks,  afford 
excellent  examples  of  the  variable  power  to  resist  the  same 
order  of  decomposing  influences  according,  chiefly,  to  the  dif- 
ferences arising  from  modifications  of  cooling.  Some  granitic 
dykes,  or  elvans^  as  they  are  termed  in  Cornwall,  do,  as  in 
the  following  section  (fig.  4),  show  an  amount  of  decomposition 

Fig.  4. 


gradually  increasing  towards  the  central  portion.  In  the  above 
oo,  M,  and  c  represent  th^  different  parts  of  a  granitic  dyke, 
or  elvan,  traversing  slata  rocks,  dd.  Assuming  in  this  case 
that  the  elementary  component  parts  of  the  dyke  were  originally 
the  same,  and  that  the  differences  found  have  arisen  from 
variable  cooling,  as  it  is  now  well  understood  has  frequently 
been  the  case,  the  decomposition  has  been  effected  according  to 
tlie  facility  with  which  the  soluble  portions  could  be  attacked 
by  atmospheric  influences  and  be  subsequently  removed.  The 
two  outward  parts  of  the  dyke  {aa)  are  considered  to  be  com- 
posed, as  often  happens,  of  a  hard  siliceous  rock,  the  elements  of 
the  granitic  matter  having  taken  that  form  from  comparatively 
quick  cooling,  so  that  this  modification  of  the  matter  of  the 
dyke  has  resisted  decomposition  better  than  the  rest.  At  hhy 
inside  the  hard  rock,  another  modification,  arising  from  more 
slow  cooling,  is  supposed  to  exhibit  a  porphyry,  some  mineral, 
-TerflBrequently  felspar^  crystallizing  out  amid  the  base,  itself 
M.ik<.^mA^^^^  than  the  preceding  variety.    Not  unfrequently  in 
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such  cases  the  felspar  is  decomposed,  and  the  insoluble  por* 
tions  even  removed  when  directly  exposed  to  the  atmosphere. 
Still  proceeding  inwards,  the  rock  becomes  more  and  more 
granitic,  until,  finally,  the  central  portions  are  well  crystal- 
lized, and  then  exposed  to  the  full  action  of  the  decomposing 
influences. 

We  often  thus  find,  within  a  short  distance,  a  good  example 
of  variable  decomposition  arising  from  differences  in  physical 
structure,  the  chemical  composition  of  the  mass  remaining  the 
same ;  a  variati(m  very  instructive,  since  it  enables  the  observer 
readily  to  appredate  the  inequalities  of  surface  which,  in  many 
regions  composed  of  the  same  kind  of  igneous  rocks,  arise 
from  changes  in  physical  structure  alone,  some  variations  having 
better  resisted  decomposition  or  abrasion  than  others.  At  the 
same  time  he  should  carefully  study  the  modifications  in  hard- 
ness, and  the  capability  of  resisting  decomposition  arising  from 
changes  in  chemical  composition,  such,  for  instance,  as  those 
observable  among  the  granites  which  occasionally  graduate  into 
schorl  rock,  in  Devon  and  Cornwall.* 

Of  the  curious  forms  assumed  by  granitic  rocks  from  variable 
resistances  to  decomposition,  those  named  the  Eettie  and  Pans, 
at  St.  Mary's,  Scilly  (fig.  5),  may  be  taken  as  a  good  example.! 


*  The  foUowiog  may  be  taken  m  an  estiniated  general  view  of  tlie  okemica] 
difference  between  common  granite,  oompoaed  of  two-fiftha  cf  quarts,  two-fiftba 
of  felspar,  and  one-fifth  of  mica,  and  schorl  rock,  supposed,  for  illustration, 
the  proportions  "varying  materiaUy,  to  be  Ibnned  of  equal  parts  of  schorl  and 
quarts: — 


Granite, 

Schorl  Rook. 

SUica       . 

74-84 

68*01 

Alumina  . 

ia*so 

17-91 

Potash     . 

7-48 

0*3$ 

Soda 

•  a 

0*98 

Lime 

0-S7 

0*14 

Magnesia. 

0-99 

8*92 

Oxide  of  iron 

1-93 

6*85 

Oxide  of  manganese  • 

0-12 

0*81 

Fluoric  acid 

.        • 

0*S1 

•  • 

Boracioacid 

a                 a 

•             •  • 

1''79 

t  Though  the  true  origin  of  the  **  Bock  Basini^''  as  they  have  been  termed,  is 
in  general  sufficiently  clear,  it  may  often  have  happened  that,  owing  to  a  con- 
venient situation,  the  Druids  may  have  employed  Uiem  for  thdr  purposes,  either 
as  they  naturally  oecuned,  or  artifioMlly  mo^fied. 
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While  rocks  of  a  generally  similar  chemical  compoatJoOf 
such  as  those  above  noticed,  are  found  to  decompose  in  a 
variable  manner,  according  to  the  different  aggregation  of  their 
component  parts,  it  would  readily  be  antidpated  that  any  rocks 
formed  of  difierent  matetials,  brought  together  as  sands  and 
gravel,  and  subsequently  consolidated  by  some  cementing  sub- 
stance, would  be  found  to  decompose  irregularly  and  according 
to  the  di&rent  powers  of  their  component  parts  to  resist  the 
chemical  and  mechanical  influences  to  which  they  may  be  ex- 
posed. The  observer  will  soon  perceive  that,  taken  generally, 
the  cementing  matter  of  sandstones  and  conglomerates  de- 
composes first,  liberating  the  grains  of  sand  and  the  pebbles, 
winch  have  originally  remained  such  from  their  hardness,  and 
they  are  thus  ready  to  be  again  carried  by  moving  waters  to' 
other  ntnations,  there  to  form  the  parts  of  new  accumulations. 
J^e  ra^udity  of  decomposition  in  sudi  cases  necessarily  varies 
according  to  the  nature  of  the  cementing  substance.  A  cal- 
careous cement,  though  hard,  will  more  readily  give  way  before 
the  chemical  influences  acting  on  limestones  than  ordinary 
nliceons  matter,  though  the  latter  may  be  less  compact ;  while 
a  siliceous  cement,  if  porous,  may  be  more  easily  removable  by 
the  comlnned  action  of  frost  and  thaw. 

The  hardest  limestones,  even  those  termed  marbles  when 
crystalline,  will  be  observed  to  decompose  on  the  surface. 
The  action  is  necessarily  variable,  and  dependent  on  the 
different  resisting  powers  of  the  rock,  on  the  one  hand,  and 
the  exposure  to  the  neediul  decomposing  influences  on  the 
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other.  It  will  soon  appear  that  a  crystalline  vein,  running 
through  an  ordinary  limestone,  stands  out  in  salient  relief, 
showing  that  the  arrangement  of  particles  in  the  crystalline 
form,  notwithstanding  that  the  carbonate  of  lime  is  then  gene- 
rally more  pure  than  in  the  body  of  the  rock,  is  better  able  to 
resist  atmospheric  influences  than  in  a  less  definitely  arranged 
position. 

Proceeding  to  further  examination  we  perceive  that  not  only 
the  crystalline  veins  thus  protrude  upon  the  surface  of  the 
limestone  rocks,  but  that  many  an  organic  remain  does  the 
same,  and,  in  some  instances,  we  only  clearly  distinguish  that 
a  limestone  is  fossiliferous  by  this  kind  of  decomposition, 
the  common  internal  fracture  ill  exhibiting  the  fact.  That 
this  harmonises  with  the  comparatively  undecomposed  condition 
of  the  crystalline  vein  becomes  apparent  when  we  examine  the 
structure  of  these  organic  remains.  The  shells  either  retain  to 
great  extent  the  original  cryqtalline  or  other  definite  arrange- 
ment of  their  parts,  so  essential  to  their  well  being  when  the 
animals  of  which  they  once  constituted  the  hard  portions  were 
alive,  or  having  been  decomposed  in  the  body  of  the  rock 
during  the  lapse  of  time,  the  empty  spaces  (or  casts,  as  they 
are  commonly  termed)  have  been  filled  with  crystaUine  car^ 
bonate  of  lime,  which  has  percolated  in  solution  through  the 
pores  of  the  rock  into  the  cavities.* 

By  this  kind  of  decomposition  we  often  learn  that  many  a 
limestone  is  really  little  else  than  a  mass  of  organic  remsuns 
cemented  by  a  minor  quantity  of  chemically  deposited  carbo- 
nate of  lime.  Some  of  our  hardest  limestones,  those  known  as 
carboniferous  or  mountain  limestones,  afibrd  excellent  examples 
of  this  fact.  The  beds  of  this  rock,  for  hundreds  of  feet  in 
depth,  are  sometimes  found  composed  of  little  else  than  the 

*  It  was  considered  useless  further  here  to  remark  on  the  composition  of 
organic  remuns.  It  may,  however,  be  noticed  that  the  bones  and  teeth  of  fish« 
reptiles,  birds,  and  mammalia  have  been  oflen  secured  from  complete  decompo- 
sition and  removal  by  the  presence  of  the  phosphate  of  lime  contained  in  fhem, 
and  that  into  the  cavities  left  after  the  original  decomposition  of  shells  other 
less  soluble  substances  than  carbonate  of  lime  have  been  infiltrated,  such  for 
example  as  into  the  cavities  of  the  Gryphaa  incurva  and  other  shells,  in  the  lias 
of  Glamorganslure,  where  silica  has  replaoed  the  original  matter  of  tine  shells. 
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diuntegrated  joints  of  encrinites,  mingled  with  ebells  and  a 
few  corale.* 

By  the  aid  of  decompoaitioQ  we  not  only  leam  that  many 
UmeBtODes  are  little  else  than  such  accumulations  of  Uie  harder 
parts  of  molluscs  and  other  creatures,  many  of  which  hare  lived 
and  died  lo  the  places  where  we  discover  their  remains ;  hut  we 
also  Snd  revealed  the  arrangements  of  the  component  parts  of 
rocks,  as  well  igneouq  as  accumulated  hy  means  of  water, 
which  do  not  otherwise  appear,  arrangements  of  parts  exceed- 
ingly important  when  we  study  the  original  manner  in  which 
rocks  baye  been  accumulated,  or  the  modifications  and  changes 
to  which,  during  the  lapse  of  geological  time,  they  have  been 
subjected.  Many  a  sandstone,  well  vxaihered,  as  it  ia  termed, 
will  exhibit  as  beneath,  (^.  6),  a  hooeycombed  and  irregular 
Fig-e. 


appearance,  ari»ng  irom  the  different  character  of  parts  of  tiie 
cementing  salwtance,  either  original  or  subsequent  to  the 
accumulation  of  the  rock,  as  the  'case  may  he,  and  many 
another  structure,  also  of  importance,  such  as  the  concretionary 
structure  of  some  igneous  rocks,  then  alone  becomes  apparent 

•jJldi  fiMt  mKj  be  veU  ilodied,  among  other  localities,  on  tlte  ■oalhem  coait 
ot  ^mbraktflhire,  where  the  elifi  tScrr^  exoellent  opportonitiee  of  obterring 
the  Btode  In  wbkh  tbe  mAleiiAli  of  ile  cwbonijeroiii  limealone  have  beeo  accn- 
Bratttcd. 
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We  ahoald,  for  example,  probably  be  igaorant,  vitlioQt  u)ea~ 
tkering,  of  this  arrangemeDt  of  parts  in  the  granitic  or  elvan 
dyke,*  a  a,  cuttJng  through  slates,  bb,  at  Watergate  Bay, 
ConiwaU,  and  figured  beneath  (fig.  7). 
Fig.  7. 


The  divi^OD  of  rock  masses  by  cleavage  greatly  (dds  their 
decomposition,  since  it  renders  them  slaty,  when  this  vould  not 
happen  from  any  original  acenmnlation  of  sand  or  mud  in  thin 
layers,  one  above  the  other,  and  the  like  arises  from  those 
separations  in  planes,  named  ^oin^x,  further  distant  fi^im  each 
other,  and  which  with  the  cleavage  planes  will  be  farther  con- 
sidered in  the  sequel.  By  these  means  water  more  readily 
percolates  through  many  rocks  than  it  would  otherwise  do,  and 
thus  a  greater  amount  of  soluble  matter  may  be  attacked  than 
would  otherwise  have  happened  in  the  same  dme. 

Many  hard  rocks  break  up  super6dally  in  a  manner  showing 
little  symmetry  of  form  in  the  fragments,  so  much  bo  that  their 
shape  seems  more  due  to  the  irregular  acUoD  of  the  decom- 
podng  inflnences,  than  to  difierences  of  resistance  from  original 
structure.  A  compact  limestone  or  hard  sandstone  may  often 
be  seen  broken  up  beneath  the  soil,  in  the  manner  exhibited 
Fig.  8. 


'■>; 


in  the  accompanying  section  (.fig.  8),  in  which  a  represents  the 

*  Thii  djke  ii  a  componnd  of  .qoarti,  fekpar,  uid  m 

Dated  cr^Gtala  of  felspar. 
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vegetable  soil,  £  c  a  hard  limestone  or  sandstone,  and  b  b  frag- 
ments of  the  same  rock,  largest  towards  e  c,  and  evidently 
having  constituted  portions  of  the  subjacent  highly  inclined 
beds,  while  the  upper  fragments  are  smaller  and  more  con- 
fusedly mixed,  though  still  angular.  It  sometimes  happens 
when  the  rock,  so  broken  up,  is  a  sandstone  that  the  chemical 
change  of  the  iron  in  the  cementing  matter,  subsequently  to  the 
formation  of  the  fragments,  is  well  seen.  Upon  breaking  these 
fragments,  sections,  as  beneath  (fig.  9),  will,  in  such  cases  pre- 


sent themselves.  A  central  portion  will  remain  unchanged, 
surrounded  by  irregular  zones  (i&),  commonly  of  a  brownish 
red,  arising  from  chemical  action  from  the  sides  of  the  frag- 
ment, by  which  the  protoxide  of  iron  has  been  converted  into 
a  peroxide.  Similar  changes  of  the  protoxide  of  iron  into 
the  peroxide,  are  observable  among  the  argillaceous  lime- 
stones, such  as  the  lias>  and  are  indeed  sufficiently  common. 

In  some  very  earthy  limestones,  which  may  rather  be  consi- 
dered to  have  been  once  silt,  highly  impregnated  with  calcare- 
ous matter,  the  disappearance  of  the  latter  in  the  hi^er  parts 
of  the  rock,  even  to  many  feet  in  depth,  has  been  so  complete, 
and  the  peroxidation  of  tiie  iron  so  extensive,  that  a  rusty  look- 
ing porous  substance  alone  remains.  Among  some  of  the 
older  accumulations  such  a  rock  may  often  be  seen,  and  be 
found  the  only  means  by  which  beds,  here  and  there  contain- 
ing a  larger  per-centage  of  carbonate  of  lime,  can  be  traced 
or  connected.  Among  the  older  rocks  also,  many  a  layer  of  a 
rusty  colour  exhibits  a  total  disappearance  of  the  carbonate  of 
lime  of  the  numerous  shells  which  once  constituted  the  bulk  of 
the  layer,  their  casts,  or  the  spaces  which  they  once  filled. 
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alone  remaming,  while  the  irop  contained  in  the  mud  or  silt 
which  fi^t  enveloped  them,  has  heen  converted  altogether  into 
a  peroxide. 

While  thus  the  iron  contained  in  many  rocks  exhibits  a 
gradual  change  to  a  peroxide,  many  red  marls  and  sandstones 

[  show  an  alteration  from  the  peroxide  of  iron,  giving  a  general 

'  red  tint  to  these  deposits,  to  a  protoxide.   Beneath  the  vegeta- 

tion, and  by  the  sides  of  natural  joints  the  red  colour  will  be 
seen  converted  into  a  green  or  blmsh  green,  the  change 
being  due  to  the  effects  of  decomposing  vegetation,  which  has 

)  *  robbed  the  adjacent  peroxide  of  iron  of  a  portion  of  its  oxygen. 
This  is  a  point  of  much  interest  when  we  study  the  cause  of  the 
streaks  of  green  or  bluish  green  amid  the  red  marls  and  sand- 
stones of  different  geological  ages,  and  which  have  probably 
arisen  from  causes  in  operation  at  the  period  when  the  whole 
has  been  accumulated.  When  we  examine  into  the  variations 
and  modifications  of  colour  arising  from  the  present  efiects  of 
decomposing  vegetation,  the  old  changes  have  to  be  carefully 
separated  from  the  modem,  since  both  are  sometimes  exhi- 

{     ^     bited  in  the  same  sections. 

'  The  observer  must  be  careful,  in  his  estimate  of  the  amount 
of  decomposition  which  rocks  may  sustain  from  atmospheric 

i  influences,  duly  to  consider  the  power  of  vegetation  to  prevent, 

assist,  or  otherwise  modify  it,  according  to  circumstances. 
Vegetation  may  prevent  decomposition,  by  presenting  a  certain 
barrier  to  the  effects  of  sudden  frosts  and  thaws ;  assist  the 
action  of  heavy  rains  by  keeping  the  higher  parts  of  rocks 
more  permanently  wet  than  they  would  otherwise  be ;  or 
-  greatly  modify  it  by  the  various  effects  produced  by  the  kind 
.of  plants  which  may  cover  die  land  at  ^ven  times;  for  a  portion 
of  country  covered  by  forest  trees  would  b^  differently  circum- 
stanced, as  regards  the  probable  decomposition  of  the  rocks  of 
which  it  is  formed,  than  when  the  same'  portion  was  either 
brd^n  for  tillage  or  spread  over  with  pastures.  As  a  whole, 
the  study  of  the  decomposition  of  rocks  is  one  of  much  import- 
ance, since  by  it  we  learn  a  variety  of  laots  connected  with  the 
original  accumulation  of  mineral  miitses,  with  which  otherwise 
we  should  bq  unacquainted,  and  at  the  same  time  it  often 
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teaches  qb  properly  to  appreciate  the  changes  and  modifications 
which  have  occurred  since  such  original  accumulation.  It 
enables  us  to  form  a  correct  judgment  of  the  amount  of  matter 
which  may  thus  be  prepared  for  removal  and  for  accumulation 
elsewhere.  We  see  causes  and  effects  that  have  been  in  opera- 
tion whenever  land  arose  from  beneath  water  into  the  atmos*  ) 
phere,  however  modified  they  may  have  been  by  alterations  of 
auditions,  such  as  those  now  found  between  the  tropics,  and 
in  the  arctic  or  antarctical  regions,  or  which  may  have  taken 
place  in  the  atmosphere  of  our  planet  from  its  earliest  state. 

n.  Removal  of  the  parts  of  Rocks  by  water. — As  spring 
waters  are  not  pure  waters,  but  hold  different  substances 
in  solution  according  to  circumstandes,  and  as  it  is  evident 
that,  at  least,  the  bulk  of  such  waters  are  only  rains  which 
have  percolated  through  rocks,  and  variably  pour  out  again 
according  to  conditions,  the  substances  so  in  solution  must 
have  been  removed  from  the  rocks.  However  small  the  soluble 
matter  found  in  any  single  spring  may  be,  on  the  average,  col- 
lectively its  amount  is  considerable,  particularly  when  we 
regard  the  changes  wliich  rocks  must  have  undergone  from 
this  cause  alone  during  the  lapse  of  any  geological  time,  when 
conditions  may  have  thus  permitted  the  removal  of  soluble 
matter  from  any  given  mass  of  them. 

With  the  removal  of  lime  as  a  carbonate  we  are  commonly 
familiar,  since  by  the  loss  of  the  excess  of  carbonic  acid  re- 
quired to  retain  it  in  solution,  this  substance  is  thrown  down  in 
different  forms  varying  from  a  simple  incrustation  upon  vegetable 
matter,  or  upon  stones  or  rocks,  amid  or  over  which  it  may  flow, 
to  hard  and  compact  limestones,  some  taking  a  crystalline  form 
under  &vourable  circumstances,  as  is  frequentiy  so  well  shown 
in  the  beautiful  stalactites  and  stalagmites  of  many  caverns  in 
limestone  countries.  It  is  no  uncommon  thing  in  calcareous 
districts  to  find  the  fragments  of  limestones  which  have  been 
detached  from  &ces  of  rock  by  atmospheric  influences,  .firmly 
cemented  together,  as  a  breccia,  by  carbonate  of  lime,  left  by 
the  waters  which  have  percolated  through  them. 

In  the  calcareous  countries  of  the  tropics,  where  evaporation 

IS  mnrA  rftniH  thAn  in.  thft  temnAmte  rlimiiti^R.  th^  dAnnfiit  of 
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carbonate  of  lime  may  often  be  studied  with  much  advantage. 
Heavy  rains  falling  amid  a  mass  of  vegetation,  the  decaying 
parts  of  which  famish  the  needful  carbonic  add,  carry  this 
with  them  amid  the  beds,  jdnts,  and  caverns  of  the  limestones ; 
carbonate  of  lime  is  thus  removed,  and  when  the  waters 
again  emerge  charged  with  bicarbonate  of  lime,  and  are  ex-* 
posed  to  the  heats  of  a  tropical  sun,  incrustations  are  formed 
in  the  shallow  and  slow-moving  portions  of  the  streams,  and 
trees  may  even  become  imbedded  by  the  shifting  course  of  the 
waters,  as  is  well  seen  at  the  Roaring  River  on  the  north  side 
Jamaica,  where  waters  containing  much  bicarbonate  of  lime, 
after  leaping  over  a  cliff,  run  roaring  amid  a  forest,  the  lower 
portions  of  the  trees  of  which  they  encase  with  carbonate  of 
lime,  and  shift  their  channels  as  new  accumulations  compel 
them  to  follow  a  new  direction. 

In  shallow  sheltered  bays  also  of  tropical  coasts,  to  ^icb 
wattf  containing  calcareous  matter  may  slowly  find  its  way, 
the  solution  becoming  thus  highly  concentrated  by  evapora^ 
tion  as  it  flows  onward,  opportunities  are  occasionally  afforded 
for  observing  llie  formation  of  the  little  rounded  grains  of 
calcareous  matter  in  concentric  coatings,  termed  oolites,  a 
slight  ripple  bein^  sufficient  to  produce  a  to-and-fro  motion  on 
the  beach  on  which  the  calcareous  matter  is  being  deponted. 
Upon  breaking  these  calcareous  grains,  sometimes  a  fine  particle 
of  common  sand,  or  broken  shell  forms  the  nudeus,  at  others 
it  would  appear  that  a  simjde  particle  of  the  calcareous  matter 
its^,  before  it  became  attached  to  any  other  solid  substance, 
was  sufficient  for  the  purpose. 

Though  many  countries  show  deposits  of  carbonate  of  lime 
from  waters  flowing  over  them,  parts  of  Italy  have  so  long  been 
remarked  ob  this  account,  that  the  name  travertino  has  not 
unfrequently  been  given  to  such  accumulations.*    This  depo- 

*  Not  only  luKve  we  esedlenl  ofportanitieB  of  tbeie  ftndyliis  the  caksreiras 
deposits  thrown  down  from  waters  of  orduiary  temperatores,  but  those  sJso  from 
thermal  springs,  in  which  other  sabstances  are  mingled  in  a  manner  to  produce 
▼ery  intercsliag  ffesoUs.  If  this  kind  is  the  intermingling  of  silica  with 
the  other  deposits  at  the  baths  of  Saa  Fitij^KS  where  the  watefs  haire  a 
temperatare  of  122®  Fah^  (one  spring  being  about  a  degree  higher),  and 
^ontmn  in  solntion,  silica,  sniphate  of  lime,  bicarbonate  of  lime,  and  sulphate  of 
The  ffronnd.  ai!iQimd.i8'eanDosed  of  tratftrtftw  AsmnAitA  fw^o  ■m>ti«o« 
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ait  has  also  a  peculiar  interest  in  that  land,  inasmuch  as  we 
there  sometimes  find  early  architectural  works  of  the  ancients, 
as  for  example,  the  remains  of  the  temples  at  Paestum,  con- 
stmcted  of  traYertme,  containing  the  remains  of  the  same 
kinds  of  terrestrial  and  lacustrine  shells  which  now  exist  in  the 
▼icinity,  and  become  entombed  in  the  travertine  now  forming. 
Of  large  accumulations  of  calcareous  matter  depositing  under 
the  atmosphere  and  not  beneath  bodies  of  water,  the  plains  of 
Pampl^Iia  would  appear  to  afford  a  very  striking  example. 
Tlie  coasts  of  Karamania  have  long  been  known  to  present  good 
instances  of  beaches  consolidated  by  the  percolation  of  carbo- 
nate of  lime  amid  the  pebbles,  thus  forming  a  conglomerate. 
We  may  thus  obtun  not  only  breccias  and  conglomerates  upon 
the  land,  by  the  evaporati<»i  of  water,  charged  with  bicarbonate 
of  lime,  without  the  aid  of  lakes,  but  also  sheets  of  lime- 
stone, the  OTerflow  of  rivers  and  the  shifting  of  their  courses 
causing  the  necessary  deposits.  It  would  be  desirable,  where 
fitting  opportunities  for  studying  the  latter  kind  of  accumula- 
tions may  be  found,  carefully  to  examine  the  difierences  between 
them  and  those  deposits  efiected  in  tranquil  bodies  of  water, 
such  as  lakes.  We  should  expect,  while  the  gradual  rise 
and  overflow  of  the  rivers  may  here  and  there  bury,  by  means 
of  the  calcareous  deposits  firom  them,  the  fluviatile  or  lacus- 
trine molluscs  living  previously  in  favourable  situations,  that 
there  would  be  much  showing  the  drift  of  animal  and  vege- 
table substances  borne  onwards  to  localities  where  their  further 
progress  was  arrested,  and  where  they  became  entombed  be* 
neath  the  limestone  afterwards  formed  over  them. 

Although  limestone  may  thus  silently  and  unperceived  be 
transported  from  one  locality  to  another,  since  the  clearest 
waters  may  contain  the  bicarbonate  of  Ume  in  abundance, 
many  other  substances  are  also»  in  a  similar  manner,  borne 
onwards  in  solution ;  and  it  becomes  desirable,  in  the  present 
state  of  geological  science,  that  the  mass  of  this  matter,  and 
the  proportions  of  the  substances  commonly  composing  it, 
should  be  examined.  Something  is  done  by  every  analysis 
made  of  spring  and  river  waters;  and  the  desire  to  obtain 
good  waters  for  domestic  purposes,  has  lately  led  observers  to 
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connect  the  rocks  from  which  springs  issue  and  afford  the 
supply  to  rivers  with  the  quality  of  waters ;  but  it  would 
be  well  more  systematically  to  study  the  soluble  matter 
conveyed  away  in  this  manner  by  moving  water.  Much  may 
be  accomplished  by  taking  up  the  water  in  clean  bottles,  well 
corking,  sealing,  and  securing  them ;  noting  the  state  of  the 
springs,  streams,  and  rivers  at  the  time  as  regards  the  quantity 
of  the  water  in  them,  and  by  obtiuning  a  section  of  the  rivers 
at  some  convenient  situation,  and  a  proper  insight  into  their 
velocities  at  the  time  of  taking  the  water,  so  that  a  fair  esti- 
mate may  be  obtained  of  the  amount  of  soluble  matter  trans- 
ported. It  should  be  recollected  that  when  swollen  by  rains, 
though  substances  in  solution  amid  the  rocks  may  be  then  forced 
more  abundantly  out  of  some  than  at  other  times,  the  amount 
of  soluble  matter  is  not  increased  in  proportion  to  the  water, 
since  much  rain  or  melted  snow  then  runs  off  the  ground  with- 
out penetrating  amid  the  rocks.  Common  salt  (chloride  of 
sodium)  will  be  found  more  frequent  than  may  be  usually 
supposed  in  spring  and  river  waters.  When  we  consider  the 
number  of  rocks  which,  from  their  organic  contents,  we  have 
reason  to  suppose  were  formed  beneath  the  sea,  and  which  have 
been  deposits  of  mud,  silt,  sand,  or  gravel,  now  elevated  into 
the  atmosphere,  so  that  rain  waters  percolate  through  them,  we 
shall  not  be  surprised  at  the  presence  of  chloride  of  sodium, 
since  it  is  to  be  expected  that  this  and  other  salts  in  solution 
in  sea  waters  would,  formerly  as  now,  be  disseminated  amid 
mechanical  deposits  efiected  in  the  sea.* 

*  Aooording  to  the  researches  of  Dr.  Maroet  (PAt7.  Thint.,  1819),  500  grains 
of  sea  water,  taken  from  the  middle  of  the  North  Atlantic,  contained — 
Chloride  of  sodium       •        •         •        »     13*4 

Sulphate  of  soda 2*33 

Muriate  of  lime     .        .         .         •        •      0*995 
Muriate  of  magnesia     .        •        •        •      4'955 

ai*680 

The  same  author  obtuned  the  fbUowing  reanlts  from  experiments  on  the 
specific  gravity  of  waters: — 

Sp.  Gr. 

Arctic  Ocean 1*02664 

Northern  Hemisphere       •        .         •        1*02829 
Equator 1*02777 
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Silica  is  well  known  as  in  solution  in  some  waters ;  chiefly, 
however,  found  in  appreciable  quantities  in  those  which  are 


Sp.  Or. 

Soathern  Hemisphere 

1-02882 

Yellow  Sea     • 

1*02291 

Mediterranean 

1'0293 

Sea  of  Marmora 

1-01915 

Black  Sea 

101418 

White  Sea      . 

1*01901 

Baltic    . 

1-01523 

Ice-Sea  Water 

1-00067 

LakeOnrmia  • 

1-16507 

Dr.  Marcet  condaded  from  hia  researches — 

1.  That  the  Soathern  Ocean  contains  more  salt  than  the  Northern  Ocean, 
in  the  ratio  of  1-02919  to  1-02757. 

2.  That  the  mean  specific  gravity  of  sea  water  near  the  equator  is  1*02777, 
intermediate  between  that  of  the  Northern  and  Southern  Hemispheres. 

3l  That  there  is  no  notable  difierence  of  sea  water  under  different  meridians. 

4.  That  there  is  no  satis&ctorj  evidence  that  the  sea,  at  great  depths,  is  more 
salt  than  at  the  surface. 

5.  That  tiie  sea,  in  general,  contiuns  more  salt  where  it  is  deepest  and  most  re- 
mote tram  land ;  and  that  its  sallness  is  always  diminished  in  the  vicinity  of  large 
masses  of  ice. 

6.  That  small  inland  seas,  though  communicating  with  the  ocean,  are  much 
less  salt  than  the  ocean. 

7.  That  the  Mediterranean  contains  rather  larger  proportions  of  the  salt  than 
the  ocean. 

M.  Lens,  who  accompanied  Kotzebue's  expedition,  inferred  that, — 

1.  That  tiie  Atlantic  Ocean  is  Salter  than  the  South  Sea ;  and  that  the  Indian 
Ocean,  being  the  transition  firom  one  to  the  other,  is  Salter  towards  the  Atiantic, 
on  the  west,  than  towards  the  South  Sea,  on  the  east. 

2.  In  each  of  these  three  great  oceans  there  exists  a  maximum  of  saltness 
towards  the  north,  and  another  towards  the  south ;  the  first  being  further  from 
the  equator  than  the  second.  The  minimum  between  these  two  points  is  a  few 
degrees  south  of  the  equator  in  the  Atlantic,  and  probably  also  in  the  Pacific 
though  M.  Lens's  observations  did  not  extend  sufficiently  low  in  the  Pacific. 

3.  In  the  Atlantic  the  western  portion  is  more  salt  than  the  eastern.  In 
the  Pacific  the  saltness  does  not  appear  to  alter  with  the  longitude. 

4.  In  proceeding  north  firom  the  northern  maximum,  the  specific  gravity 
of  the  water  diminishes  constanUy  as  the  latitude  iucreases. 

5.  From  the  equator  45°  N.,  the  sea,  to  the  depth  of  1000  fiuhoms,  possesses 
the  same  degree  of  saltness. — Edinburgh  Journal  of  Science,  1832. 

As  we  have  elsewhere  observed  (^Geological  Manual,  3rd  Edition,  p.  5),  the 
saltness  of  the  ses,  particularly  that  of  its  sur&oe,  would  much  depend  on 
the  proximity  of  nearly  permanent  ice,  and  of  lyge  or  numerous  rivers.  Thus 
the  Baltic,  Wlute,  Black,  and  Yellow  Seas  are  less  salt  than  the  main  ocean, 
because  they  are  supplied  with  comparatively  large  quantities  of  freBh  water. 
Prom  the  small  proportion  of  salt  contained  in  the  Black  Sea  and  Sea  of  Asof, 
the  bays  of  the  former  freqnenUy  contain  ice,  and  the  latter  is  stated  to  be  frozen 
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thermal.  The  geysers  of  Iceland  have  been  long  celebrated 
for  their  abundant  siliceous  deposits.*  Silica  has  borne  such 
a  part  in  the  consolidation  of  rocks,  that  wherever  opportu- 
nities occur  of  observing  the  effects  arising  from  the  action  of 
silica-bearing  waters^  they  should,  receive  careful  attention. 
The  manner  in  which  silica  may  be  taken  up  in  its  nascent 
state,  and  in  which  it  is  discovered  in  heated  waters,  are  cir- 


oyer  during  four  months  of  the  year.  The  superior  saltness  of  the  Mediterra- 
nean, though  an  inland  sea,  is  considered  to  arise  from  the  eYaporation  of  its  sur- 
face being  greater  than  the  fresh  water  with  which  it  is  supplied,  or,  unless 
it  should  be  stiU  becoming  more  salt,  to  the  differences  in  this  respect  which  once 
existed,  and  which  the  present  supply  of  fresh  water  is  unable  to  change.  Two 
great  currents,  one  from  the  Black  Sea,  the  other  from  the  Atlantic,  flow  into  the 
Mediterranean  in  consequence  of  this  evaporation,  one  fi'esher,  the  other  Salter 
than  the  body  of  its  waters. 

*  Sir  George  Mackensie  (TVoveb  in  Iceland)  mentions  that  the  deposits  from 
the  Geysers  extend  to  about  half  a  mile  in  various  directions,  with  a  ttiickness  of 
more  than  twelve  feet  The  leaves  of  birch  and  willow  are  fossilized,  every 
fibre  being  discernible.  Grasses,  rushes,  and  peat  are  in  every  state  of  petrifito- 
tion.  Dr.  Black  found  the  waters  from  the  Geysers  and  Uie  hot  springs  of 
Beikum  (Iceland)  to  contain  in  a  gallon— 
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The  siliceous  deposits  from  hot  springs  (temperature  73^  to  207°  Faht.)  in  the 
volcanic  districts  of  Fumaa,  St  Michael's,  Azores,  are  important  Dr.  Webster 
{Edinburgh  Phil.  Journal,  voL  vi.)  gives  an  interesting  account  of  them.  The 
siliceous  deposits  are  noticed  as  most  abundant  in  layers  from  a  quarter  to 
half  an  inch  in  thickness,  accumulated  to  the  depth  of  a  foot  and  upwards. 
Compact  masses  of  siliceous  deposits  are  mentioned  as  having  been  broken  up 
and  re-cemented  by  silica,  and  the  compound  is  represented  as  beautiftd.  The 
height  of  some  of  this  brecda  is  estimated  at  thirty  feet,  and  the  general 
accumulation,  including  a  clay,  also  deposited  from  the  waters  of  the  hot  springs, 
as  considerable,  forming  low  hills. 

Dr.  Turner  {ElemenU  of  Chemiatry)  found  that  the  hot  springs  of  Pmnarkoon 
and  Loorgootha  (India)  not  situate  in  a  volcanic  country,  contained  twenty-four 
grains  of  solid  matter  in  a  gaUon,  composed  of— 
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cum8ta]H!e8  of  much  importance  when  we  have  to  consider  its 
mode  of  occurrence  in  veins,  or  its  agency  in  agglutinating  the 
particles  of  mud,  silt,  and  sands  in  beds  of  rock.  It  is  now 
known  not  only  that  certain  plants  require  this  substance,  but 
that  it  is  essential  to  some  animals ;  so  that  the  study  of  the 
mode  in  which  silica  may  be  taken  up  in  solution,  distributed, 
and  used  not  only  by  plants  and  animals,  but  also  for  the  con- 
solidation and  filling  up  of  the  fractures  of  rocks,  is  one  of 
much  interest. 

Springs  are  presented  to  our  attention  chiefly  under  two 
forms,  first,  from  the  combination  of  porous  and  less  per- 
meable rocks  in  such  a  manner  that  the  water  passing  readily 
through  the  former  and  with  difficulty  through  the  latter,  any 
sides  of  hills  or  other  exposures,  where  its  outpouring  is  more 
easily  effected  than  in  other  directions,  lines  of  springs  may 
form ;  and,  secondly,  from  out  of  those  of  breaks  and  dislo- 
cations of  rocks  which  have  been  termed  faults^  and  which 
become  channels  into  which  waters  are  either  drained  laterally, 
or  forced  up  firom  beneath.     Let  the  following  section  (fig.  10) 

Fig.  10. 


e  e  d 

represent  one  of  a  country  composed  of  different  rock  deposits, 
somewhat  similu*  to  those  in  our  oolitic  districts,  for  example,, 
a  a  bdmg  portions  of  a  porous  and  calcareous  rock,  such 
as  some  of  diose  oolites  are,  based  upon  a  clay,  bbb^  itself  re- 
posing upon  a  sand,  c  c  e^  chiefly  composed  of  siliceous  grains, 
and  this  agam  resting  upon  a  clay,  d. 

We  should  here  have  the  conditions  for  a  marked  example 
of  the  springs  of  the  first  class.  The  rain  fidling  upon  a  a 
would  percolate  through  it,  taking  up  calcareous  matter  by 
aid  of  the  carbonic  acid  in  the  rain  water,  or  obtained  in  its 
passage  through  the  vegetable  covering  and  soil,  and  not  being 
able  to  permeate  readily  through  the  subjacent  clay,  bbb^ 
it  would  be  thrown  out  as  spring  water  at  the  junction  of  the 
two  rocks.  This  water  would  probably  contain  much  bicarbonate 
of  Ume.    Tlie  subjacent  day  might  furnish  some  water  in  the 
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valley  v,  a  slight  portion  of  the  rains  finding  its  way  amid  the 
particles  of  clay,  already  moist,  so  that  a  minor  surplus  had  to 
ooze  out  under  favourable  conditions.  We  will  suppose  that, 
as  often  happens,  the  spring  water  thus  afibrded  would  contain 
iron  (from  the  decomposition  of  iron  pyrites),  and  sulphate 
of  lime  (iron  pyrites  and  selenit^  being  often  common  in  such 
clays).  Beneath,  in  the  two  hills  to  the  left  of  the  section,  the 
rain  falling  would  not  readily  find  its  way  from  above  to  c  c, 
though  laterally  this  bed  may  be  exposed  to  it,  as  a  part  is  on  the 
right  of  our  figure.  This  bed  has  been  considered  as  principally 
composed  of  siliceous  grains,  and  to  be  based  on  a  compara- 
tively impervious  bed,  dy  which  may  be  a  clay.  Springs  would 
find  their  way  out  of  this  bed  in  the  valley  v,  and  we  should 
expect  that,  though  they  may  contain  certain  matters  in 
solution,  these  would  not  be  the  same,  at  least  not  in  such 
abundance,  as  from  the  beds  a  and  b. 

A  stream,  therefore,  flowing  down  the  valley  v,  would 
collect  waters  differently  charged  with  the  substances  which 
rains  on  their  passage  through  the  rocks  had  brought  out  in 
solution ;  and  though  the  waters  of  such  a  stream  would 
present  us  with  a  kind  of  mean  of  all  the  substances  abstracted 
in  solution  from  the  various  rocks,  they  would  not  show  those 
obtained  from  any  kind  of  rock  taken  by  itself,  and  these,  con- 
sequently, would  have  to  be  studied  where  the  springs  flowed 
from  each  bed.  llie  streams,  moreover,  contain  the  top  waters 
which,  during  rains,  flow  over  the  surface,  carrying  ofi^,  inde- 
pendently of  the  matters  mechanically  transported,  those  which 
can  be  taken  away  in  solution,  and  which  had  not  formed  com- 
ponent parts  of  any  of  the  solid  rocks  passed  near  or  over  in 
their  course,  such  matters  being  commonly  derived  immediately 
from  animal  and  vegetable  sources. 

The  observer  would  readily  expect  this  simple  mode  of  occur- 
rence of  dissimilar  rocks,  furnishing  water  holding  different 
substances  in  solution,  to  be  variously  modified,  so  that  while 
studying  the  kind  of  matter  thus  abstracted  from  rocks,  he 
should  so  carefully  direct  his  researches  as  to  connect  springs 
of  this  order  with  tiie  kind  of  rocks  traversed  by  the  rain  waters. 

The  joints  and  cleavage  among  certain  rocks  greatly  compli- 
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cate  the  subject  in  some  districts,  and  in  others  contorted  and 
crumpled  strata  so  occur,  that  long  troughs  and  irregularly 
formed  basins  of  water  are  held  up  amid  the  beds  and  rocks 
pervious  to  water  in  some  localities,  while  dome-shaped  masses 
tend  to  throw  these  reservoirs  off  in  others.  In  the  cases  of 
the  basins  and  troughs,  the  water  remaining  during  the  drier 
times  may  perfect  many  solutions,  which,  when  the  rainy  seasons 
come  to  act,  are  borne  away  in  springs,  at  that  season  only  of 
importance. 

Springs  of  the  second  class  of  springs  are  commonly  more 
constant  as  to  the  quantity  and  quality  of  the  waters  they 
deliver,  and  in  this  manner  when  they  traverse  many  dissimilar 
beds,  furnishing  the  solutions  of  different  substances,  they 
are  like  the  streams  above  noticed,  as  regards  such  substances. 
We  do  not,  therefore^  learn  from  them  the  kind  of  loss  any 
particular  rock  may  sustain  from  this  cause,  thougB  they  may 
be  useful  in  showing  the  solutions  delivered  from  the  fissures. 
Let  f  in  the  accompanying  section  (fig.  11)  be  a  dislocation 

Fig.  11. 


travermng  various  dissimilar  beds,  so  that  the  bed  a  is  thrown 
down,  as  it  is  termed,  and  that  we  find  other  and  upper  beds, 
gh  and  i,  occupying  the  same  general  levels,  as  ab  c  d  and  &, 
on  the  other  side  of  the  fault.  In  such  a  case  the  various  waters 
percolating  through  the  latter  would  find  their  way  into  the 
dislocation  with  those  of  ^,  on  the  opposite  side,  and  the  solu- 
tions derived  from  all  these  beds  would  be  mingled  in  the 
waters  of  the  fiiult,  flowing  out  at  /  in  greater  or  less  abun- 
dance, according  to  circumstances.  We  have  here  merely 
regarded  the  solutions  derivable  from  the  waters  percolating 
through  the  upper  beds ;  but  as  in  the  greater  proportion  of 
fitults  we  possess  no  means  of  judging  of  the  depths  to  which 
the  dislocation  may  descend,  we  cannot  form  a  correct  opinion 
of  the  kind  of  rocks  which  may  be  traversed  by  them. 


Fig.  IS. 
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Thermal  Bprings,  not  in  volcanic  coimtries,  have  been  traced 
either  immediately  to  snch  dislocations,  or  the  evidence  has  been 
such  as  to  lead  as  to  snppose  that  they  may  be  merely  covered 
over  by  beds,  through  which  a  sufScient  passage  has  been  found 
for  the  discharge  of  the  watere  rising  among  dislocated  rocks 
beneath.  The  case  of  the  Bath  springs  is  not  improbably  one 
of  the  latter  kind,  the  heated  waters  rising  through  some  of 
those  dislocations  or  faults  which  traverse  the  older  rocks 
of  the  district  (coal  measures,  carboniferous  limestone,  and  old 
red  sandstone),  covered  over  unconformably  by  the  new  red 
sandstone  series  and  lias  (as  these  beds  are  known  to  do 
many  dislocations  of  such  older  rocks  in  that  country),  the 
waters  thus  fioding  their  way  through  cracks  or  passages  in 
the  superincumbent  beds. 

Connecting  the  heat  of  thermal  feuU  waters  with  tiie  in- 
crease of  temperature  of  the  crust  of 
the  globe  inwards,  as  inferred  &om 
yj  "^j "r  the  increase  of  heat  as  we  bore  artesian 

//'^'yf  welb,  or  descend  in  mining  operations, 

^  ^  ^  ^  the  temperature  of  such  waters  would 

always  be  considerable,  were  it  not 
that  such  temperature  may  be  much 
modified  by  the  conditions  under  which 
the  waters  are  home  upwards  and  dis- 
charged. Let//,  in  fig.  12,  represent 
a  fault  traversing  various  rocks  to  a 
depth  at  which  the  water  in  it  obtains 
a  temperature  of  212°  Fahrenheit. 
Hiese  waters  oould  only  be  discharged 
at  that  temperature,  if  the  rate  of 
outflow  were  so  considerable,  and  the 
volume  of  water  so  large,  as  to  be 
uninfluenced  by  the  cooling  cmiditions 
which  would  exist  in  the  rocks  through 
which  they  had  to  pass.  Towards  the 
surface,  diese  rocks  would  take  the 
temperature  of  Uie  part  of  the  world 
in  which  they  may  be  situate,  variable 
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Dear  sndi  surface,  but  at  a  certain  depth,  according  to  latitude 
and  local  conditions  influencing  surface  temperature,  assuming 
a  constant  temperatiu*e  unaltered  by  the  climatal  changes  or 
modifications  above.  Between  this  fixed  situation,  which  in 
fig.  12  we  will  for  illustration  assume  to  be  at  a,  and  that  beneath, 
where  a  very  high  temperature  may  exist,  such  as  212°  Fahren- 
heit, the  boiling  point  of  water  under  a  pressure  of  atmosphere 
equal  to  about  30  inches  of  mercury  on  the  surface  of  the  earth, 
the  water  in  the  deft  or  fault,  would  be  at  intermediate  tem- 
peratures. Some  waters,  supposing  a  ready  discharge  of  them 
to  exist  upwards,  might  have  a  tendency  to  percolate  through 
the  adjacent  rocks,  and  enter  the  main  fissure  at  depths  not  far 
beneath  that  of  the  lowest  constant  temperature,  thus  assisting 
to  cool  the  upflowing  waters,  independently  of  the  decrease  of 
temperature  efiected  by  that  of  the  rocks  themselves.  No 
doubt,  under  the  conditions  supposed,  the  sides  of  the  fissure 
would  be  heated  at  given  depths  beyond  that  temperature 
which,  if  the  heated  waters  did  not  rise  through  them,  they 
would  possess,  but  the  discharge  of  waters,  as  a  whole  constant, 
and  other  conditions  the  same,  there  would  be  a  final  adjust- 
ment of  the  order  supposed.  This  would  be  a  state  of  things 
conducive  to  the  entrance  of  many  substances  in  solution  into 
the  miun  fissure,  which  might  not  be  introduced  into  spring 
waters,  either  at  all  or  so  readily  and  abundantly  in  the  first 
class  of  springs.  The  greater  heat  as  the  rocks  increase  in 
depth,  and  the  permeation  of  waters  through  them,  at  high 
temperatures,  we  should  expect  would  be  favourable  to  the 
removal  of  silica,  often  perhaps,  only  to  short  distances,  one 
kind  of  rock  being  modified  by  its  gain  in  this  manner,  and 
another  by  its  loss.  Any  thrown  out  in  solution  would  be 
so  much  removed  firom  them,  to  be  employed  elsewhere  in 
the  modifications  now  efiecting  on  the  surface,  always  assuming, 
for  illustration,  that  the  rocks  traversed  by  the  fissures  ftir- 
nished  the  matters  held  in  solution  by  tiie  waters  flowing 
upwards  through  them.  A  supposition  which  will  require  to 
be  modified  if  we  consider  that  some  substances  or  portions  of 
them  may  be  borne  up  into  the  cracks  which  had  not  previously 
formed  parts  of  solid  rocks.    Under  any  view,  the  solutions 
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contained  in  these  fault  waters,  are  conveyed  away  from  the 
mouths  of  the  fissures,  and  so  much  of  them  as  have  been 
added  to  waters  percolating  downwards  from  the  atmosphere, 
or  in  any  manner  through  or  from  the  adjacent  rocks,  has 
caused  a  loss  to  such  rocks,*  and  afforded  matter,  capable  of 
ready  transport,  to  be  employed,  as  circumstances  may  permit, 
elsewhere  in  the  formation  of  solid  matter,  or  as  an  addition  to 
solutions  in  the  waters  of  lakes  and  seas. 

Deep  mines  afford  opportunities  for  observing  the  rate  at 
which  rain  waters  may  percolate  through  the  body  or  fissures 
of  rocks  downwards,  and  analyses  of  these  waters  so  obtained, 
give  the  substances  they  have,  during  the  time  of  their  pas- 
sage, taken  up  in  solution.  In  mineral  veins,  the  waters  which 
would  remain  in  them,  or  flow  out  as  surplus,  being  in  some 
mines  pumped  out  to  depths  of  even  1800  or  2000  feet, 
we  no  doubt  have  surface  waters  descending  further  than  they 
would  otherwise  do  in  the  same  time,  the  check  to  their  pro- 
gress, interposed  by  the  water  disseminated  amid  the  adjoining 
rocks,  or  in  the  fissiure,  being  thus  removed,  but  at  the  same 
time  the  evidence  as  to  the  power  of  the  surface  waters  to 
descend  in  the  time  that  may  be  observed,  and  as  to  the  kind 
of  solutions  effected  by  them  in  that  time  is  valuable. 

Great  care  is  required  tx)  give  due  importance  to  local  con- 
ditions in  such  investigations,  such  as  the  comparative  readiness 
with  which  the  waters  may  be  conducted  downwards  by  means 
of  an  unworked  continuation  of  the  mineral  veins — having 
easy  water  communications  with  the  workings  in  the  mines, 
the  absence  or  relative  abundance  of  great  joints  or  other  fis- 
sures in  the  adjoining  rocks,  the  chance  of  any  rivulet  or  stream 
passing  over,  when  swollen  by  rains,  fissures  or  cracks  com- 
municating with. the  main  vein,  and  the  like. 

In  some  coal  districts,  the  beds  of  under-clay  (as  those  are 
often  termed  which  are  found  supporting,  or  intermingled  with 
the  coal  beds)  are  usually  so  impervious  to  water,  that  where 

*  Dr.  Daabeny  points  to  the  very  common  presence  of  nitrogen  in  thermal 
waters  as  a  proof  that  the  water  in  them  has  been  originally  derived  from 
the  surfkoe  of  the  earth,  that  it  there  contained  atmospheric  air,  and  that, 
descending,  this  air  was  depriTed  of  its  oxygen  by  some  process  of  combustion. 
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fistultB  or  fractures  of  beds  are  rare,  the  collieries  are  little 
troubled  with  water.  This  impervious  character,  employing 
the  term  in  a  general  manner,  is  well  marked  in  coal  measure 
districts  where,  as  in  parts  of  South  Wales  and  Monmouth- 
shire, the  beds  having  a  slight  inclination,  and  being  cut 
through  by  mountain  valleys,  springs  of  the  class  6rst  noticed 
are  thrown  out  in  lines,  marking  those  of  the  coal  beds,  the 
waters  percolating  through  which  are  stopped  downwards  by 
the  under-clays.  A  system  of  deposits  in  which  these  beds  and 
others  of  tough  shale  occur,  would  present  di£ScuIties  to  the  ready 
percolation  of  the  water  downwards.  At  the  same  time,  slight 
observation  will  soon  show,  that  though  water  may  not  find  its 
way  in  a  sufficiently  rapid  manner  in  some  collieries  to  be  im- 
portant, it  is  still  most  frequently  there  disseminated  among  the 
particles  and  joints  of  the  rocks.  Indeed,  the  manner  in  which 
water  is  disseminated  among  rocks  is  deserving  of  all  attention, 
particularly  when  we  regard  it  as  a  means  by  which  change 
and  modification  of  chemical  composition  may  be  effected.* 

The  springs  of  the  first  class  noticed  as  outflowing  on  the 
sides  of  hills  and  mountains,  and  on  sea  cliffs,  are  frequently 
productive  of  landslips,  as  they  are  oflen  termed,  the  percolation 
of  water  in  particular  planes  or  directions  so  softening,  or 
chemically  removing  the  rocks,  that  a  superincumbent  weight 
not  being  held  laterally  by  sufficient  cohesion  of  the  mass,  is 
launched  into  the  valleys  or  seawards  as  the  case  may  be,  thus 
producing  a  degradation  of  the  land,  throwing  it  into  conditions 
fitted  for  more  ready  removal  by  rivers  and  the  sea.  Small 
landslips  are  very  common,  and  are  well  seen  in  our  oolitic 
districts,  where  the  intermingled  clays  slipping  into  the  valleys 
bring  down  the  more  consolidated  superincumbent  beds  with 
them.  In  the  coal  district  of  South  Wales  good  examples  of  a 
larger  kind  are  to  be  found,  and  in  many  mountainous  regions 
they  are  sufficiently  common. 

The  slide  or  fetll  of  the  Rossberg  or  Ruffiberg  on  the  2nd 

*  The  simple  ezperiment  of  accurately  weighing  a  piece  of  rock  immediately 
after  it  is  struck  ofif  in  a  metal  mine  or  colliery,  drying  it  thoroughly  in  a  sand- 
bath,  and  then  rewaghing  it,  will  often  show  more  moisture  to  have  been 
removed  than  might  have  been  expected,  the  result  being  necessarily  very 
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September,  1806,  afforded  a  memorable  instance  of  the  de- 
struction produced  by  the  percolation  of  water  through  bedded 
rocks  in  such  a  manner  that,  the  needful  cohesion  of  parts 
being  destroyed,  a  great  mass  slid  over  an  inclined  plane  of 
subjacent  rocks.  The  following  section  (fig.  13)  will  serve  to 
illustrate  this  fall,  and  some  others  of  the  like  kind.  If  in 
the  mountain,  a,  water  percolate  through  the  porous  strata  b 

Fig.  18. 


to  the  clay  bed  c  c,  the  surface  of  the  latter  would  become 
slippery,  and  the  cohesion  being  insufficient  to  counteract  the 
action  of  gravity,  and  no  proper  support  be  found  in  the  valley, 
the  mass  would  be  launched  in  *the  valley  d.  In  the  case  of 
the  RoBsberg  (a  mountain  5196  above  the  sea)  the  upper 
beds  were  composed  of  conglomerates  resting  upon  matter, 
which  being  partially  removed  by  the  percolation  of  water,  and 
the  beds  at  a  high  angle  (about  45^)  a  launch  of  the  upper 
beds  took  place,  and  a  beautiful  valley  was  covered  with  rocks 
and  mud."^ 

The  under  clifis  between  Lyme  Re^s  and  Axmouth,  as 
well  as  those  on  the  back  of  the  Isle  of  Wight,  illustrate  the 
destruction  of  clifis  by  means  of  springs.  The  following  sec- 
tion (fig.  14)  will  show  the  conditions  under  which  the  under- 

Fig.  14. 


*  The  Tillages  of  Goldaa  and  Busingen,  the  hamlet  of  Hudloch,  a  large  part 
of  the  Tillage  of  Lowertz,  the  fiu*m8  of  Untei^  and  Ober-Rothen,  and  many  scat- 
tered houses  in  the  Talley,  were  overwhelmed  by  the  mil).  Goldau  was  crashed 
by  masses  of  rocks,  and  Lowerta  inyaded  by  a  stream  of  mud.  The  Utcs  lost 
wm  estunatad  at  fhim  SOO  to  900. 
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difi  are  produced  at  Pinhay,  near  Lyme  Regis,  a  is  gravel ; 
by  chalk;  Cj  upper  green  sand,  porous  substances  through 
which  the  rain  waters  percolate  to  the  clay  bed  dj  composed 
of  the  lower  part  of  the  green  sand  beds  c,  and  the  upper 
part  of  the  lias  bed  e^  the  upper  green  sands  having  over- 
lapped the  intermediate  rocks  observable  in  the  south-east  of 
England,  and  here  resting  upon  the  lias.  The  water  being  thus 
arrested  in  its  progress  downwards,  escapes  where  it  finds 
the  least  resistance ;  in  this  case  towards  the  face  of  a  cliff, 
originally  formed  by  the  action  of  the  sea  on  the  coast 
The  clay  is  gradually  removed;  the  superincumbent  green 
sand,  chalk,  and  gravel  lose  their  support,  ^ve  way,  and  &11 
towards  the  sea.  The  lias  e  is  not  removed  by  the  action  of 
the  coast-breakers  so  fast  at  the  cliffy,  as  the  rocks  above  are 
by  the  effect  of  the  land  springs,  therefore  the  upper  cliff  re- 
treats, leaving  a  mass  of  fivgments  confusedly  intermingled  at 
f,  which  has  a  constant  tendency  to  move  seawards,  both  from 
the  destruction  of  the  lias  diff^,  by  the  breakers,  and  from  the 
water  percolating  through  the  mass  and  loosening  its  base,  so 
that  it  gradually  moves  towards  the  shore.  The  chalk  and 
green  sand  fragments  are  often  sufficiently  large  and  hard  to 
aflford,  by  their  overfall,  protection  to  the  lias  cliff,  and  thus  a 
very  confused  but  instructive  coast  section  is  exposed  to  the 
observer. 

The  rain  waters  not  absorbed  by  the  rocks,  act  mechanic- 
ally on  the  surface  of  the  land,  removing  to  lower  levels  such 
decomposed  portions  of  the  rocks  as  their  volume  and  velocity 
can  transport.  The  mixed  effects  of  decomposition  from  at- 
mospheric causes,  and  of  soaking  of  the  surface  on  hill  sides,  are 
often  well  shown  in  slate  countries,  a  certain  depth  beneath  the 
sml  exhibiting  the  turning  over  of  the  edges  of  the  slates  to- 
wards the  valleys ; — as  it  were  the  tendency  of  the  moistened 
matter  of  the  surface  to  slide  by  its  gravity  to  the  lower 
ground. 

The  accompanying  figure  will  illustrate  this  fact,  one  of  much 
importance  to  the  observer,  for  without  attention  to  it  he  might 
commit  grave  errors  as  to  the  true  dip  of  strata,  when  only  a 
slight  depth  of  section  may  be  exposed  on  a  hill  side.     In 
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the  above  figure  the  real  dip  of  beds  is  represented  ae  the  very 
reverse  of  that  which  might  be  inferred  from  a  hasty  glance  at 
the  surface.  Although  it  may  be  suppOBed  that  the  difference 
between  this  eliding  down  of  the  surface  towards  the  lower 
grounds  and  the  true  dip  was  always  so  apparent  as  not  to  be 
mistaken,  the  depth  to  which  this  action  has  occasionally  ex- 
tended is  Buffident  to  justify  caution  in  many  districts. 

Upon  a  hill  side  and  among  the  rills,  hollows,  and  little 
pluDB  which  may  sometimes  be  there  found,  an  observer  may 
often  have  good  opportunities  of  studying  the  power  of  water 
mechanically  to  transport  the  decomposed  portions  of  rock 
brought  within  its  influence.  He  will  soon  perceive,  that  not  only 
according  to  the  specific  gravity,  but  to  the  form  also  of  these 
portions  is  their  removal  effected,  and  that  the  manner  of  re- 
moval is  of  two  kinds.  In  one  case  they  are  bodily  carried  in 
mechanical  suspension  in  the  water,  while  in  the  other  they  are 
swept  onwards  by  its  friction  on  the  bottom.  Small  hollows 
will  occafflonally  show  the  mode  in  which  the  matter  so  me- 
chanically suspended  or  pushed  onwards  is  brought  to  rest,  and 
well  illustrates  the  manner  in  which  accumulations  on  the 
great  scale  may  be  and  are  effected. 

If  we  suppose  the  observer  placed  in  a  granitic  district  where 
there  is  much  decomposition  of  the  felspar,  such  for  example, 
as  much  of  that  near  St.  Austle,  in  Cornwall,  he  will  soon  find 
that  while  the  fine  decomposed  remains  of  the  felspar  readily 
mingle  with  the  waters  which  a  heavy  fall  of  rain  may  produce, 
the  particles  of  quartz  and  mica  are  more  commonly  swept 
along  the  bottom,  except  where  from  the  slopes  being  consider- 
able, the  water  may  have  suEBdent  rapidity  to  gather  them  up 
in  mechanical  suspension.   While  the  volume  of  the  particles  of 
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qtiartz  may  be  larger,  they  are  often  more  round,  so  that  they 
are  commonly  more  readily  pushed  along  the  bottom  than  the 
grains  of  mica,  not  only  flatter  but  possessing  greater  specific 
gravity.*  The  milky-looking  water  containing  the  decomposed 
felspar  is  borne  onwards,  slight  deposits  taking  place  where  an 
expansion  of  the  bed  of  the  rill  or  rivulet  may  permit  compa- 
ratively still  water,  until  sufficient  quiet  is  found  for  the  general 
deposit,  while  the  quartz  or  mica  are  strewed  in  little  ridges, 
or  thrust  into  holes,  remaining  there  if  the  force  of  the  stream 
will  permit. 

Much  information  may  be  derived  as  to  the  manner  in  which 
detritus  is  pushed  forwards  by  rivers  into  bodies  of  still,  or 
comparatively  still,  water,  by  observing  sand  brought  down  by  a 
rivulet  into  a  small  pool  of  stagnant  water,  where  the  sand  ceases 
to  be  forced  forwards,  and  consequently  accumulates.  It  will 
be  seen  that  little  delta-form  heaps  of  sand  accumulate  where 
the  rivulet  enters  the  pooL  on  the  fan-shaped  tops  of  which  the 
channels,  over  which  the  moving  water  pushes  the  grains  of 
sand,  are  continually  shifting.  Let  a  in  the  following  sketch 
(fig.  16)  represent  a  pool  of  still  water,  into  which  a  rivulet  b 

Fig.  16. 


pushes  forward  sand,  then  such  sand  will  be  found  to  accumu- 
late at  c,  falling  down  into  the  pool  a,  in  such  a  manner  that  a 
truncated  heap  of  sand  is  produced,  which  increases  superfi- 
cially, as  shown  by  the  concentric  lines  at  c.  If  now,  attention 
be  directed  to  the  manner  in  which  the  grains  of  sand  have  been 
accumulated  vertically,  it  will  be  found  that  they  have  been 
arranged  as  in  the  annexed  section  (fig.  17)  in  which  a  repre- 

Fig.  17. 


The  spedflc  gravity  of  quarti  is  about  2*63,  while  that  of  common  mica  is2*94. 
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sents  the  surface  of  the  pool,  d  its  bottom,  h  the  slope  of  the 
rivulet  pushing  forward  the  grains  of  sand,  and  c  successive 
coats  of  sand  formed  by  the  grains  £dling  over  into  still  water, 
such  grains  supporting  themselves  in  the  same  manner  as  in  any 
rubbish  heap,  fi^om  the  top  of  which  rubbish  is  continually 
thrown  over.  By  diverting  from  their  courses  the  small  streams 
of  water  which  run  down  sandy  sea  beaches  on  many  coasts,  very 
valuable  information  may  be  obtained  as  to  the  manner  in  which 
grains  of  sand  are  forced  forward,  and  arranged  by  the  pushing 
action  of  running  water.  When  brought  into  the  deeper  pools 
among  the  sands,  the  deltas  produced  are  extremely  instruc- 
tive, and  in  such  cases  the  angle  formed  by  the  layers  or  coat- 
ings above  each  other,  as  the  sands  accumulate,  is  commonly 
found  to  be  about  iX"  or  30°. 

Having  examined  the  mode  in  which  decomposed  portions 
of  rocks,  as  well  as  those  worn  off  by  the  friction  of  the  streams, 
can  be  transported  by  moving  water  on  the  small  scale,  an 
observer  will  more  readily  appreciate  the  transport  and  deposit 
of  detritus  on  the  great  scale  in  the  course  of  rivers,  wiUi  or 
without  the  intervention  of  lakes,  as  the  case  may  be,  and  its 
removal  tovrards  lower  levels  and  the  sea.  The  manner  in 
which  it  is  either  taken  up  in  mechanical  suspension,  or  merely 
shoved  along  the  bottoms  of  rivers,  is  precisely  the  same  in 
principle  as  in  the  littie  rivulets,  though  the  effects,  from 
their  greater  magnitude,  are  more  striking  in  the  one  case 
than  in  the  other.  Larger  masses  may  be  shoved  forwards, 
because  the  volume  of  water  may  be  larger,  sufficient  to  move 
tiiose  onwards,  the  resistance  of  which  the  minor  streams  could 
not  overpower,  yet  the  cause  of  their  removal  is  of  the  same 
kind.* 

*  The  foUoving  list  of  the  tpedfie  gravitiee  of  tome  rooks  whicb  we  ha^e 
elsewhere  giyen  (^Be§eareKes  in  Theoretical  Geology)^  may  be  usefiil  in  showing 
their  power  of  removal,  in  firagments  or  pebbles,  by  ronning  water,  aU  other 
conditions  as  to  velocity  and  volume  of  the  water,  and  volnme  and  form  of  the 
firagments  or  pebbles,  being  the  same. 


Calcaire  groesier  (Paris)   •     •  2*62 

Chalk  (Sussex) 2*49 

Upper  green  sand  (WUts)  .     •  2*57 

Lower  green  sand  (Wilts) »     •  2*  61 

Porfland  oolite  (PorUand) .     •  2*55 


Forest  marble  (Pickwall)  .     •  2*72 

Bath  oolite  (Bath)  ....  2*47 
Stonesfield  date  (near  Stow-on- 

the-Wold) 2*66 

lias  limestone  (Lyme  Regis)  •  2*64 
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The  obBerver  will  soon  perceive,  that  while  at  one  time  de- 
tritus ooly  of  a  given  magnitude,  form,  or  specific  gravity  can 
be  either  pushed  onwards  by,  or  be  mechanicaUy  suspended  in, 
the  rivers,  at  another  the  detritus,  previously  at  rest,  is  readily 
home  onwards,  and  effects  produced  which,  without  the  needful 
evidence,  he  would  scarcely  have  considered  probable  from 
examining  those  produced  during  the  ordinary  condition  of  the 
same  river.  From  the  details  given  of  the  effects  of  great  floods, 
as,  for  example,  that  of  the  Moray,  much  valuable  insight  may 
often  be  obtained  as  to  the  effects  which,  during  a  long  lapse 
of  time,  may  be  produced  along  the  line  of  a  river  course  by 
repeated  action  of  this  kind. 

The  minor  floods,  oomm<»ily  known  as  frethetSy  more  or  less 
common  in  all  rivers,  are  geologically  important,  not  only  as 
respects  the  greater  movement  outwards  of  detrital  matter  at 
such  times  by  the  mechanical  action  of  the  water,  but  also  as 
they  often  surprise  terrestrial  animals  in  low  localities,  and 
tnuQspoort  them  with  plants  to  still  lower  situations,  or  into  the 
sea,  in  the  latter  case  covering  up  these  as  well  as  estuary  and 
marine  animals  in  a  common  deposit  of  mud  and  silt. 


Bed  marl  of  the  new  red  sand- 
ffUme  (Devon)     ....    2*61 

MoscheUoilky  lb«8ilileroiis(Gdt- 
tingen)     • 3*62 

Coal  nmdstODe,  Pennant  (Bris- 
tol)      2*60 

Coal  shale,  with  impressions  of 
ferns  (Newcastle)     .     .     .    2*59 

Millstone  grit  (Bristol)      •     .    2*58 

CtflxMuiferou  limestone  (Bris- 
tol)    ......     •    2-76 

Ou'bouifcrous  limestoiie  (BeU 
gim) 2*72 

Old  red  ssodstooe^  mkaoeons 
(Hevefiitdsfaire)  •     ...    2*69 

Old  red  saadatone  (Woreester- 
shive).     '•••«•    2*66 

Sihirian  sandstone  (HarU).     •    2.64 

Devonian  auidstoiie  (Ilfhip 
oonbe)     ••••••    2*69 

Denarian  sandstone,  csicareons 
(Ufiraeombe) 2-77 

SUvriaa  sandstone  (Snowdon).    2  •  76 


Argillaceons  slate  (Devon)      .  2*77 

Carrara  parble 2*70 

Mica  slate  (ScoUand)   •     .     .  2*69 

Gneiss  (Freybarg)  •     •     •     •  2*72 

D<miite  (Pays  de  Dome)   •  2*37 

Trachyte  (Aavergne)    .     •     •  2*42 

Basalt  (Scotland)    .     •     •     •  2*78 

Basalt  (Anvergne)  .     •     .     .  2*88 

Basalt  (Giant's  Causeway)      »  2*91 
Greenstones,  varioos  (different 

ooontries).  •  •  .  2*69  to  2*96 
Sienite  (Dresden)  •  .  •  •  2*74 
Porphyry  (Saxmy)  •  •  •  2*62 
Serpentine  (lizanl,  ComvaU)  2  ■  58 
DiaUage  rock  (Liaard,  Corn- 
wall)    a*os 

Hy  persthene  loek  (Codt's  Tor, 

Dartmoor) 2*88 

Sienitic  granite  (Vosges)  .     •  2*85 

Granite,  gray  (Brittany)    •     •  2*74 

Granite  (Normandy)    •    •     •  2*66 

Granite^  mica,scaroe  (Scotland)  2*  62 

Gcanlte  (Hey tor,  Devon)   •     .  2*66 
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In  some  countries  the  freshets,  or  rises  of  river,  are  periodi- 
cal, produced  from  periodical  causes  inland,  as,  for  example, 
that  of  the  Nile,  and  deposits  are  then  efiected  which  do  not 
receive  additions  until  the  annual  time  of  rise  again  comes 
round.  From  this  state  of  things  to  frequent  alternations  of 
floods  and  low  states  of  rivers,  there  is  every  modification,  so 
that  the  results  of  the  deposits  may  be  expected  to  be  as 
modified  as  the  causes  of  their  production.* 

When  it  is  intended  to  ascertain  the  volume  of  water  de- 
scending a  river  at  a  given  time,  and  the  amount  of  matter 
which  may  be  then  held  in  mechanical  suspension  by  it,  in 
order  by  a  fair  average  to  estimate  the  volume  of  water  and 
the  amount  of  matter,  in  mechanical  suspension,  borne  seaward 
or  into  lakes  during  a  year,  or  any  amount  of  time  thought 
desirable,  much  care  is  required  so  that  the  estimate  may  ap- 
proximate toward  the  truth. 

The  section  of  a  river  presents  us  with  waters  movmg  with 
difierent  velocities,  and  consequent  transporting  powers,  and 
where  the  greatest  weight  of  water  occurs  with  equal  velo- 
cities, the  greatest  pushing  or  forcing  onwards  of  the  bottom. 
If  in  the  accompanying  section  (fig.  18)  fffffy  represent  that 


*  Am  ire  have  elsewhere  obeerved  (^Geological  Mtmual,  Srd  Edition),  there 
are  few  liyers  more  instructive  than  the  Mississippi,  man  as  yet  not  having  effected 
many  important  changes  on  its  banks,  and  we  contemplate  great  uatnral  opera- 
tions, sach  as  cannot  be  so  weU  obserred  in  those  which  have  been  more  or  less 
under  his  dominion  for  a  series  of  ages.  Its  coarse  is  so  long,  and  through  snch 
Tarions  climates,  that  the  freshets  prodaoed  in  one  tributary  are  over  before 
they  commence  in  another;  and  hence  arise  those  frequent  depoats  of  detritus 
at  the  mouths  of  the  tributaries.  These  latter  have  their  waters  ponded  back, 
and,  to  a  certain  distance,  stagnant,  by  the  rush^f  the  floods  in  the  great  river 
across  their  embouchures,  and  in  consequence  a  deposit  is  effected,  which 
remains  until  a  subsequent  flood  in  the  tributary  removes  it.  (^HaK9  Trandt 
in  North  Ameriai,)  CSaptsin  Hall  states,  that  when  the  Ohio  is  in  flood  it 
stagnates  the  waters  of  the  Mississippi  for  many  leagues,  and  that,  when  the 
Misnssippi  is  in  flood,  it  dams  up  the  waters  of  the  Ohio  fbr  seventy  miles. 
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of  a  river  course ;  the  greatest  velocity  of  the  water  would 
be  at  a,  and  this  will  decrease  towards  the  sides  and  bottom, 
where  the  friction  would  be  greatest,  as  may  be  represented 
by  the  layers  of  water  bb^  cc,  dd. 

Let  the  fig.  19  represent  a  longitudinal  section  of  the  layers 
of  water  corresponding  with  those  in  the  cross  section  (fig.  18). 

Fig.  19. 


Assuming  that  the  motion  of  the  particles  of  water  in  the  layer 
a  is  su£Bcient  to  keep  some  of  the  matter  mechanically  sus- 
pended, and  some  not  quite  so  suspended^  the  latter  will  sink 
by  the  action  of  gravity ;  not,  however,  at  once  falling  to  the 
bottom,  but  entering  the  second  supposed  layer  of  water,  b, 
where  the  velocity  being  less,  it  descends  in  less  time  through 
it,  and  so  on  through  the  other  layers  c  and  d^  describing  a 
curve  }  n.  As  regards  the  amount  of  mechanically  suspended 
detritus  in  such  a  section,  we  should  anticipate  that  it  would 
be  very  unequally  dispersed.  As  far  as  respected  the  move- 
ment of  its  particles  the  water  in  the  layer  a  would  be  capable 
of  keeping  detritus  of  any  volume,  form,  and  density  in 
mechanical  suspension  which  the  river  could  so  carry,  while  the 
lower  layers  would  receive,  and,  during  its  descent,  carry  for- 
ward all  the  detritus  falling  down,  from  the  conditions  being 
unfavourable  to  its  further  suspension  in  the  upper  layers  of 
water. 

The  section,  fig.  19,  is  assumed  to  be  one  taken  through  the 
centre  of  the  stream;  if  to  thb  we  add  other  longitudinal 
sections  taken  through  the  lines,  ppppppt  fig.  18,  we  should 
have  two  series,  one  on  each  side  of  the  central  section,  the 
terms  of  which  could  rarely  agree,  either  in  respect  to  the  velo- 
cities of  the  water,  the  power  of  transport,  or  in  the  amount  of 
detritus  contained  in  them.  So  far,  therefore,  from  it  being 
easy  to  estimate  the  amount  of  detritus  borne  down  in 
mechanical  suspension,  or  forced  along  its  bottom  by  friction 

i> 
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by  a  river,  it  is  a  subject  requiring  very  great  caution  and 
skill,  even  to  obtain  an  approximate  rough  estimate  of  the  fact. 

When  the  water  has  been  obtained  from  which  it  is  intended 
to  separate  the  matter  borne  down  by  rivers,  and  by  a  suflBcient 
number  of  trials  in  different  parts  of  the  river,  to  estimate 
the  amount  of  such  matter  passing  a  given  locality,  it  is  need- 
ful not  to  evaporate  the  water,  as  has  often  been  done,  for  by 
this  proceeding  the  matter  in  solution  is  obtained  as  well  as 
that  in  mechanical  suspension.  A  measured  volume  of  water 
should  be  passed  through  a  filter,  and  the  weight  of  the  matter 
that  may  be  thus  collected  carefully  ascertained. 

Fully  to  appreciate  the  distance  to  which  the  various  kinds 
of  detritus  may  be  borne  by  moving  water  until  they  be  depo- 
sited, attention  should  be  directed  to  the  quantity  and  kind 
which  can  merely  be  pushed  forward  by  a  given  velocity  of 
such  water,  acting  by  friction  on  the  bottom  or  sides  against 
which  it  may  pa8S>  and  to  the  quantity  and  kind  the  same 
velocity  may  keep  mechanically  suspended  at  the  same  time. 

As  rivers  are  enabled  to  transport  in  mechanical  suspension, 
or  sweep  forward  detritus  on  the  bottom,  according  in  a  great 
measure  to  their  velocities,  and  as  the  latter,  other  things  being 
equal,  increase  with  the  slope  of  the  river  channels,  duly  to 
estimate  the  power  of  a  river  to  carry  forwards  to  the  sea  or 
lakes  the  detritus  thrown  into  the  higher  grounds,  all  the 
changes  of  slopes  should  be  properly  appreciated.  Thus,  if  o  J 
(fig.  20)  represent  the  slope  of  a  river  in  one  place,  and  b  c 

Fig.  20. 
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the  slope  of  the  same  river  in  another,  and  the  amount  of  water 
be  neither  increased  nor  diminished  by  tributary  streams  or 
diverging  branches,  the  river  will  have  greater  velocity  at  a  i 
than  at  h  c,  and  consequently  smaller  pebbles  and  finer  sand 
can  remain  at  the  bottom  at  6  c  than  at  a  b. 

The  checks  which  a  river  may  sustain  in  its  course,  such  as 
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lakes,  patches  of  level  land,  and  the  like,  should  be  duly 
noted.  Without  this  precaution  it  might  be,  and  indeed  has 
been,  inferred  that  all  the  pebbles  found  far  down  a  river 
course  had  been  there  swept  by  the  river  in  its  present  state. 
While  this  is  often  true,  care  should  be  taken  to  ascertain  that 
the  needful  conditions  present  themselves.  Frequently,  when 
a  river  takes  its  rise  among  high  mountains,  its  onward  course 
is,  though  often  rapid,  interrupted  by  tracts  of  level  country, 
or  even  lakes,  where  the  pebbles  and  heavier  detritus  are 
arrested ;  and  yet  pebbles  derived  from  the  rocks  of  the  high 
mountains  may  be  abundantly  found  in  the  river-bed  further 
down  than  these  obstacles,  such  pebbles  having  been  brought 
to  the  channel  in  which  the  river  now  takes  its  course  by  pre- 
vious geological  conditions  of  the  area.  Thus,  Alpine  pebbles 
in  some  of  the  river  courses  of  Northern  Italy  could  not  have 
been  borne  from  the  Alps  into  the  plains  of  Lombardy  by 
existing  rivers,  since  the  Lago  Maggiore,  the  Lago  di  Como, 
and  others,  necessarily  stop  the  progress  of  the  pebbles  borne 
from  the  high  Alps  by  the  torrents  which  now  feed  these  lakes. 
By  attending  to  the  kinds  of  rock  traversing  a  valley,  we 
have  often  good  opportunities  afforded  of  studying  the  manner 
in  which  detritus,  derived  from  them,  may  become  mingled 
by  the  action  of  the  river  waters.  Care  must,  however,  be  taken 
to  avoid  considering  as  such  those  pebbles  which  may  have 
formed  by  the  action  of  breakers  while  the  land  may  have  been 
emerging  from  the  sea,  and  which  may  have  been  at  that  time 
gathered  into  the  lower  parts  of  the  valleys,  or  have  subse- 
quently been  brought  into  them  from  the  sides  of  hills  or  moun- 
tains by  the  l<Hig-continued  action  of  rains  and  minor  streams 
of  water.     Let  the  annexed  plan  (fig.  21)  a  b  represent  the 
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course  of  a  river  through  a  district  composed  of  marked,  but 
different,  rocks  cc,  dd^  and  ee^  into  a  low  country,  where  its 
movement  becomes  sluggish,  and  let  the  fall  of  the  river-bed 
be  such  as  to  give  sufficient  velocity  to  a  needful  body  of  water 
to  push  or  sweep  forward  pebbles  of  the  size  of  an  e^,  where 
the  fiill  force  of  the  water  can  be  directed  upon  them.  The 
river  being  capable  of  forcing  forward  on  the  bottom  pebbles  of 
this  size,  those  of  minor  size,  other  things  being  equal,  would 
be  driven  onwards,  and  there  would  filially  be  a  size,  weight, 
and  form  of  detritus  held  up  in  mechanical  suspension  by  the 
movement  of  the  water. 

Under  such  conditions  there  would  necessarily  be  a  deposit 
of  the  detritus,  pushed  forward  by  the  water,  wherever  suffi- 
cient obstacles  produced  a  less  velocity  in  the  river ;  and,  as 
the  river  varied  in  this  power  according  to  the  quantity  ot 
water  in  it,  the  accumulations  thus  formed  would  possess  an 
irregular  character,  somewhat  as  in  the  annexed  section,  one 
through  several  minor  deposits,  depending  upon  small  shifts  in 
the  direction  and  force  of  the  propelling  current. 

Fig.  22. 
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As  the  river  in  the  plan  (fig.  21)  is  supposed  capable  of 
shoving  pebbles  onwards  to  the  commencement  of  the  low 
ground  ff^  irregular  accumulations  of  pebbles  would  be  ex- 
pected at  7,  where  the  force  of  the  river  can  no  longer  drive 
them  forwards.  It  would  not,  however,  be  anticipated  that 
the  finer  silt  or  mud  could  be  there  accumulated,  except  in 
very  minor  quantities  in  still  places;  since  the  power  to 
keep  such  detrital  matter  mechanically  suspended  would  be 
gradually  lost  by  the  river.  Indeed  the  time  required  for  its 
settlement,  particularly  of  the  finer  parts,  might  be  such  that 
the  whole  body  of  water  could  continue  to  move  through  the 
lowlands  in  a  turbid  and  discoloured  condition,  slowly  purting 
with  the  detrital  matter  disseminated  through  it. 

It  would  be  expected  that,  imder  the  conditions  noticed,  ac- 
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cumulations  would  take  place  along  the  line  of  the  river  course ; 
and  that,  unless  these  deposits  were  cut  up  by  floods  and  so 
carried  further  onwards,  the  river-bed  would  be  raised.  The 
power  of  a  river  to  keep  its  channel  clear,  and  even  to  work 
it  deeper,  is  commonly  obvious  where  the  river  runs  with 
rapidity;  but  it  is  not  always  so  obvious,  without  careful 
investigation,  that  its  bed  has  been  raised,  more  particularly 
by  the  pebbles  and  sands  shoved  forward  at  the  bottom. 

In  many  plains  modified  by  rivers  the  shoving  forward  of 
detritus  is  shown  by  the  mode  of  its  accumulation,  mingled 
often,  however,  with  other  accumulations  so  thin  and  wide 
spread  as  obviously  to  have  been  deposited  from  mechanical 
suspension,  so  that  both  modes  have  contributed  to  the  form- 
ation of  these  plains.  Although  we  might  feel  certain  that 
the  beds  of  rivers  must  shift  in  great  plains  as  these  beds  get 
raised^  the  waters  taking  the  course  of  the  lower  surface,  when 
such  are  presented,  yet  it  is  interesting  to  observe  in  some  coun- 
I  tries, — ^in  Italy  for  example, — where  artificial  embankments  have 

been  formed  to  keep  the  rivers  flowing  through  fertile  plains  in 
their  channels,  that  the  beds  of  rivers  get  thus  above  the  plains ; 
and  that  roads  rise  up  these  banks  on  either  side.  In  the  little 
plain  of  Nice,  the  river  ridges  from  this  course  are  striking,  a 
loose  conglomerate  behind  furnishing  an  abundance  of  pebbles 
to  the  river-bed.     The  following  section  (fig.  23)  will  serve  to 

Fig.  23. 
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illustrate  this  fact,  a  h  being  the  level  of  the  country,  in  culti- 
vation for  many  centuries,  upon  which  the  artificial  banks  have 
been  gradually  raised  to  c  rf,  to  ^protect  the  cultivated  lands 
from  invasion  by  the  detritus  forced  forward  by  the  river  e. 
In  consequence,  the  detritus  which  would  have  escaped  upon 
the  plain  has  been  raised  from/to  &,  notwithstanding  the  some- 
what general  plan  of  throwing  the  detritus  thus  accumulated 
over  the  sides  upon  the  protecting  banks  c  and  <f,  thus  artifi- 
cially deepening  the  channel  when  the  waters  in  the  river  may 
be  sufficiently  low  for  the  purpose.     The  Po  presents  on  the 
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larger  8cale  a  well-known  example  of  the  rise  of  its  bed,  so 
that  it  is  higher  than  the  houses  in  Ferrara,  and  the  like  maj 
always  be  expected  under  similar  conditions. 

A  river  may  so  raise  its  bed  as  for  some  time  not  to  find 
a  new  main  channel  amid  the  adjoining  plain,  its  turbid  waters 
when  in  flood  escaping  over  the  banks  without  actually  causing 
a  breach,  as  is  shown  in  the  annexed  section  (fig  24),  where  b 


represents  a  river  which  has  so  raised  its  bed  that  there  are 
tracts  of  country  on  either  side  at  a  slightly  lower  level.  In 
floods  such  a  river,  spreading  over  the  adjacent  land,  would 
leave  all  the  detritus  mechanically  suspended  in  its  waters,  a  a, 
upon  the  ground  beneath  up  to  the  rising  grounds  d  d^  as  did 
not  retire  with  the  water  until  its  level  was  that  of  the  banks 
of  the  river,  with  the  addition  of  such  sedimentary  matter  as 
may  have  been  deposited  from  the  top  waters,  before  they  so 
retired  into  the  river  channel  The  more  common  action  of  a 
flood  is  as  represented  in  the  section  beneath  (fig.  25),  where  a 

Fig.  25. 


river  (J)  not  raising  its  bed  (the  flood  waters  merely  removing 
mud  from  the  bottom,  the  only  sediment  there  collected),  the 
overflow  of  turbid  water  (a  a)  returns  to  the  river-bed,  deposit- 
ing only  such  matter  in  mechanical  suspension  as  the  time  of 
repose  may  have  permitted.  In  these  ways  much  sedimentary 
matter  is  distributed  over  plains  during  floods. 

The  matter  pushed  forward  by  rivers,  or  held  in  mechanical 
suspension  in  their  waters,  has  hitherto  been  regarded  only 
with  reference  to  the  removal  of  that  arising  from  the  decom- 
position of  rocks  by  atmospheric  influences.  We  have  now  to 
consider  the  erosion  of  clays*  sands,  and  gravels,  and  of  hard 
rocks  by  means  of  the  rivers  themselves. 

In  many  a  river  course  it  may  readily  be  observed,  that  in- 
coherent sands  and  gravels  are  cut  into  by  th  c  mere  friction  of 
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the  water,  eyen  when  clear.  That  such  a  moving  hody  should 
so  act  would  he  expected,  and  no  doubt  we  should  also  antici- 
pate that  amid  incoherent,  or  easily-removed  substances,  any 
modification  in  the  course  of  a  river  would  speedily  produce 
change  in  other  parts ;  but  it  is,  nevertheless,  extremely  inter- 
esting to  experiment  on  the  course  of  streamlets  passing  among 
sands ;  as,  for  instance,  on  some  extended  shores  at  low  tides, 
and  trace  the  effects  of  even  slight  alterations  in  the  stream 
courses.  The  cutting  into  one  bank  throws  the  water  upon 
another,  not  previously  worn  away,  and  the  whole  bed  of  the 
stream  gets  modified.  Such  experiments  tend  to  make  us  more 
readily  appreciate  also  those  modifications  of  rivers,  from  the 
actual  cutting  powers  of  their  waters,  which  are  seen  on  the 
great  scale  in  some  parts  of  the  world.  They  also  show  the 
distance  to  which  the  fall  of  a  cliff,  the  filling  up  of  a  cavity, 
by  which,  as  forming  a  lake,  the  force  of  a  flood  may  have  been 
previously  stayed  in  its  full  course,  and  other  obvious  circum- 
stances have  produced  modification  and  change. 

There  are  few  persons  who  have  not  noticed  the  manner  in 
which  rivers  are  disposed  to  take  serpentine  courses  in  level 
countries,  a  fact  as  easily  observed  amid  the  meadows  of  the 
flat  portions  of  many  valleys,  of  very  limited  dimensions,  as 
among  the  vast  bends  of  the  Mississippi,  or  any  other  of  the 
great  rivers  flowing  under  similar  conditions.  The  rivers,  by 
their  friction,  cut  into  the  ground  presented  to  their  course, 
and  by  working  away  tlie  earth,  clay,  sands,  or  gravel,  of  bend 
against  bend,  modify  their  channels.  The  waters  necessarily 
cut  away  such  banks  at  the  bottom  of  each  bend.  Hence,  if  two 
bends  be  opposite  to  each  other,  as  those  of  the  river  in  the  an- 
nexed sketch  (fig.  26),  are  at  a,  by  and  c,  they  will  tend,  by 
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continued  erosion,  to  approximate  to  each  other,  and  finally  to 
meet,  so  that  eventually  the  river  course  becomes  shortened  by 
the  amount  of  the  bends  previously  passed  over. 

Althouflrh  some  effects  must  follow  the  action  of  clear  wat 
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upon  bodies,  the  parts  of  which  have  not  sufficient  cohesion 
to  resist  removal,  it  is  by  the  assistance  of  matter  either  me- 
chanically suspended  in,  or  forced  onward  by  the  water,  that 
rivers  most  readily  cut  into  their  channels  and  erode  their 
banks.  By  this  assistance  they  wear  even  into  hard  rocks, 
removing  the  obstacles  impeding  their  courses,  and  which 
prevent  the  formation  of  a  convenient  general  slope.  As 
among  the  simplest  fiirms  in  which  water  acts  by  aid  of  mineral 
matter  upon  rocks,  we  may  take  the  vertical  holes  drilled  in 
even  some  of  the  hardest  by  means  of  pebbles  so  situated,  that 
a  rotatory  action  is  given  tliem,  each  in  one  place,  by  moving 
water.  TTiese  are  well  known  in  many  situations,  where  bars 
of  rock  stretch  across  river  beds,  and  falls  of  water  are  thus 
produced.  A  pebble  borne  down  by  floods  gets  so  established 
in  an  eddy  that  it  remains  there,  and,  by  constant  friction, 
works  a  vertical  hole  downwards,  sometimes  to  the  depth  of 
several  feet.  In  some  sitnatJons,  where  the  obstacle  has  been 
much  lowered  by  the  erosive  action  of  a  stream,  sections  of  the 
annexed  kind  may  be  seen.  In  rare  initances  the  pebble,  as 
at  a  (fig.  27),  may  still  be  seen,  the  section  having  been  such 
Fig.  27. 


as  not  to  have  allowed  it  to  fall  out  Hard  trap-rocks  are 
sometimes  thus  drilled,  one  pebble  or  several  having  been  kept 
grinding  downwards.  In  some  situations  this  drilling  into  bare  of 
rocks  must  have  tended  considerably  to  their  ultimate  removal. 
It  is,  however,  when  a  river  is  in  flood,  large  pebbles  grinding 
and  driving  against  roeka  which  may  be  exposed  to  the  fury  of 
the  torrent,  and  minor  detritus,  either  hurried  onwards  on  the 
bottom,  or  in  mechanical  suspension,  grating  against  and  rasping, 
IS  it  were,  such  obstacles,  that  the  erosive  power  is  most  effec- 
ive.     Hiiee  blocks  are  forced  onwards,  leavintr  the  furrows 
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wliich  have  marked  their  course  to  attest  that  course  in  some 
Bituations,  while  the  slower  and  finer  friction  of  small  pebbles 
and  sand  produces  a  smooth  surface  in  others. 

When  eudeaTouritig  to  ascert^n  the  abrasion  which  may  be 
due  to  rivers,  the  amount  of  decomposition  which  any  rocks  in 
their  course  may  have  suffered,  prior  to  the  supposed  abradmg 
action,  should  be  carefully  estimated,  so  that  too  much  import- 
ance should  not  be  given  to  such  action.  It  being  known  tbat 
the  decomposition  of  many  rocks  is  greatly  assisted  by  such 
rocks  being  kept  alternately  in  a  wet  and  dry  condition,  the 
observer  should  notice  if  the  water  in  any  river  course  be  may 
study,  rises  and  falls,  and  in  a  manner  sufficient  to  have  an 
appreciable  influence  on  the  rocks  washed  by  it. 

Much  care  is  required  when  we  seek  to  refer  the  formation  of 
a  ravine  through  which  a  river  may  find  its  way  to  the  cutting 
power  of  the  river  itself  There  is  no  want  of  evidence  that 
even  minor  streams,  more  particularly  when  swollen  by  rains, 
cut  channels  for  themselves  in  various  directions.  In  many  a 
mountain  region  this  is  a  feet  of  common  occiirrence.  A  little 
study  will  show  the  observer  that  some  ravines  are  cut  back 
very  readily  when,  as  lieneath  (fig.  28),  beds,  horizontal,  or 
Fig.  28. 


not  far  removed  from  that  position,  and  composed  of  compara- 
tively hard  rocks,  such  as  sandstones,  are  based  upon  softer 
substances,  such  as  clays  or  shales.    From  the  combined  actior 
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Bometimes  also  the  aid  of  water  percolating  between  the 
hard  and  soft  rocks,  the  lower  beds  give  way,  and  being 
composed  of  easily  comminuted  substances,  are  soon  removed 
in  mechanical  suspension  by  the  torrent,  while  the  hard  rocks, 
losing  their  support,  are  precipitated  to  the  base  of  the  fall. 
This  mode  of  cutting  back  a  channel,  with  vertical  or  nearly 
vertical  walls  in  the  first  instance,  however  they  may  be  after- 
wards modified  by  subsequent  £bi11s,  or  erosion  by  tidal  streams, 
may  be  as  well  seen  in  hundreds  of  little  brooks,  where  the 
needful  conditions  of  hard  and  soft  and  nearly  horizontal  strata 
are  to  be  founds  as  in  the  valley  of  the  Niagara,  where  the  pro- 
duction of  a  ravine  of  this  kind  is  exhibited  on  so  large  a  scale. 
If  a  barrier,  such  as  a  lava  current,  be  suddenly  thrown 
across  a  valley,  the  waters  behind  it,  upwards,  are  necessarily 
sustained  to  the  height  of  the  lowest  part  of  the  new  obstacle 
opposed  to  their  further  progress  downwards.  Let  a  section  be 
presented  to  the  attention  of  an  observer,  such  as  that  beneath 
(fig.  29),  where  a  lava  current,  a,  crosses  a  pre-existing  valley 
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in  granite,  J,  ft,  and  c  is  a  ravine,  with  d  e  k  river  running 
through  it.  He  should  see  if  the  stream  of  lava,  a,  has  been 
actually  cut  through,  or  if  it  has  never  completely  filled  the 
valley,  so  that  a  space  may  have  been  left  between  the  high 
part  of  the  lava,  €,  and  the  bank  of  granite,  rf,  through  which 
the  waters  readily  found  their  way,  the  modifying  action  of  the 
atmosphere  and  the  river  giving  the  fallacious  appearance  of 
a  ravine  wholly  ^eat  by  the  latter. 

The  observer  will  have  car^ully  to  distinguish  between 
ravines  which  the  rivere  may  have  cut  and  those  which  are 
mere  cracks  or  rents  through  which  the  drainnge  waters  of  any 
district  may  happen  to  find  their  way.  Therefore  he  must 
careftilly  search  for  evidence  sufiicient  to  prove  that  the  ravine 
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ig.  30),  represent  sections  of  two  ravines.   In  gener&l 


appearance  they  might  correspond ;  and  even  supposing  a  crack 
or  rent,  it  may  have  been  such  as  so  slightly  to  move  the  oppo- 
site masses  of  rock  as  to  be  inappreciable.  The  observer 
should  endeavour  to  trace  some  bed  of  rock,  such  as  a,  unbroken 
bom  one  side  to  the  other,  across  the  course  of  the  river. 
Should  he  discover  such  a  bed  thus  fairly  connecting  the  sides 
of  the  ravine  together  (no  twist  in  the  crack  or  rent  presenting  a 
fallacious  appearance  of  an  unbroken  bed),  the  ravine  may  still 
not  be  due  to  the  cutting  action  of  the  river  itself,  for  it  may 
bBve  been  a  chauiel  of  communication  from  one  body  of  water 
to  another  at  a  time  when  the  land  may  have  been  suffidently 
submerged  for  the  purpose.  Hence  fair  evidence  would  still  be 
required  to  show  that  the  river  really  cut  the  channel. 

If  the  observer  should  be  unable  to  trace  the  rocks  unbroken 
across  the  ravine,  the  evidence  would  remain  uncertain,  for 
under  the  supposition  that  the  sides  so  corre^nd  as  to  render 
a  dislocation  doubtiiil,  blocks  of  rock,  pebbles,  and  sand,  may 
as  well  cover  a  crack,  such  as  c  in  B,  as  a  continuous  mass  of 
rock.  Should,  however,  the  beds  on  either  side  of  the  ravine, 
if  prolonged,  not  meet,  that  is,  if,  as  in  the  following  section 
(fig.  31),  a  horizontal  and  marked  bed,  a,  be  higher  on  one  side 

Fig.  31. 
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than  on  the  other,  he  will  see  that  the  line  of  ravine  corresponds 
with  a  line  of  dislocation  where  this  want  of  correspondence  of 
sides  is  apparent,  and  by  further  search  he  should  ascertain  if 
this  dislocation  can  be  traced  in  the  same  line.  Should  this  be 
so,  it  still  remains  to  be  ascertained  if  the  river  has  really  done 
more  than  modify  the  effects  of  an  action,  along  the  line  of  dis* 
location,  by  which  the  ravine  may  have  been  originally  worked 
out.  If,  instead  of  horizontal,  we  find  vertical  beds  of  rock,  as 
in  the  annexed  map-sketch  (fig.  32),  in  which  a  b  represents  the 

Fig.  32. 
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course  of  a  river  through  a  ravine,  and  that  a  marked  series  of 
beds,  1,  2,  3,  and  4,  do  not  correspond  if  prolonged  across  the 
river,  then  also  it  would  be  evident  that  the  latter  flowed  in  a 
line  of  a  dislocation. 

Should  the  rise  of  the  river-bed  be  such  that  a  series  of  falls 
be  found  at  the  higher  part  of  the  ravine,  so  that  eventually 
the  level  of  the  river-bed  be  equal  to  the  higher  parts  of  the 
ravine,  it  will  be  evident  that  no  strait  with  water,  in  the 
manner  of  a  sea  channel,  was  the  cause  of  the  ravine,  since  by 
submerging  the  land,  the  ravine  would  merely  form  an  arm  of 
the  sea,  and  be  liable  to  be  filled  up  by  the  detritus  borne  by 
the  river  from  higher  levels  into  it. 

Upon  tracing  up  lines  of  valley  for  the  purpose  of  studying 
any  modifications  they  may  have  sustained  from  the  action  of 
rivers  and  other  running  waters  upon  them,  it  will  often  be 
seen,  particularly  in  mountainous  regions,  that  level  spaces  pre- 
sent themselves,  having  the  appearance  of  lake  bottoms,  the 
river  meandering  through  these  plains,  and  not  unfrequently 
finding  its  way  to  lower  levels  through  gorges  or  ravines  of 
various  magnitudes.  It  is  generally  supposed  that  by  lowering 
the  level  of  the  lake  outlet,  the  barrier  ponding  back  the  water 
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has  been  removed  sufficiently  for  its  passage  under  ordinary 
circumstances  onwards,  it  being  merely  during  very  heavy 
floods,  that  any  water  is  spread  over  these  plains.  On  the  small 
as  well  as  on  the  large  scale,  this  explanation  would  often  appear 
probable.  If,  as  in  the  following  section  (fig.  33),  supposed  to 
represent  three  lakes,  a,  6,  and  c,  on  the  line  of  a  mountain 
valley,  the  erosive  action  of  the  river  could  lower  the  barriers 
d^  Cj  and  /,  the  cavities  a,  ft,  and  c,  would  cease  to  be  filled  by 


Fig.  33. 


water,  and  we  should  have  plains  in  their  stead,  the  old  bottoms 
of  the  lakes,  with  the  river  meandering  through  them,  and 
rushing  through  gorges  or  ravines  at  rf,  e,  and/. 

With  respect  to  the  eflects  produced  by  the  cutting  back  of 
ravines  to  such  bodies  of  water,  once  supposed  capable  of 
causing  overwhelming  floods,  at  lower  levels,  it  should  be 
observed  that  the  depth  of  water  at  lake  outlets  is  generally 
inconsiderable,  so  that  the  letting  out  and  lowering  of  the  lake 
waters  would  be  gradual.  To  illustrate  this,  let  the  subjoined 
section  (fig.  34)  represent  the  case  of  a  river  cutting  back  its 
channel,  in  the  manner  of  the  Niagara  (assuming  that  con- 
ditions were  favourable  for  so  doing),  towards  Lake  Erie,  so 
that  the  latter  became  drained  by  the  operation.  Let  A  ^  repre- 
sent the  slope,  exaggerated,  of  the  lake  bed  from  A,  where  the 
surplus  waters  are  delivered  over  the  barrier  ground,  and  /'  o 
the  level  of  the  river  below  the  falls  cutting  back  the  channel. 
Supposing  //'to  represent  the  place  of  the  falls,  at  any  given 

Fig.  34. 


time,  it  is  clear,  the  same  efiects  continuing,  that  they  may  be 
further  cut  back  to  ff  ff'  and  even  to  h  h\  without  diminishing 
the  quantity  of  water  in  the  lake.    Once,  however,  at  k  A',  every 

an/»Atf»^tf1incr  Aiiftinflr  ^11  nppnAinn  innr*>  urnfpr  fn  nnAfl  OVfir  them. 
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by  draining  the  waters  of  the  lake  to  the  level  of  the  top  of  the 
new  falls,  so  that  when  these  have  retreated  to  i  i\  the  surface 
of  the  lake  will  sink  to  i  c,  and  the  mass  of  water,  over  the 
whole  lake,  and  above  the  new  level,  will  have  passed  over  the 
falls  in  addition  to  the  ordinary  driunage  discharge.  This 
addition  would  add  to  the  velocity  and  cutting  power  of  the 
falls,  which  would  be  expected,  all  other  conditions  being  the 
same,  to  retreat  more  rapidly  to  k  k\  reducing  the  general 
level  of  the  lake  U)  k  din  less  time  than  it  reduced  it  from  a  b 
to  i  c.  In  like  manner,  the  level  of  the  lake  would  be  reduced 
to  n  €,  which  we  may  assume,  for  illustration,  as  its  greatest 
depth ;  but  every  succeeding  retreat  of  the  falls  lowering  the 
general  level  so  that  the  lake  presented  a  minor  area,  the  lake 
waters  discharged  would  gradually  become  less  until,  finally, 
nothing  more  than  the  river  would  meander  through  the 
drained  bottom  of  the  lake.  In  considering  the  mode  in  which 
a  lake  may  be  drained  by  the  cutting  back  of  the  outlet  river 
channel,  it  should  not  be  forgotten  that^  when  large,  the 
average  loss  from  evaporation  becomes  less  as  the  surface  is 
diminished,  so  that  the  supply  by  the  tributary  rivers  and 
streams  is  not  much  diminished  by  this  cause,  and  more  water 
finds  its  way  through  the  outlet  to  the  lower  levels. 

In  volcanic  regions  we  may  expect  a  modification  in  the 
drainage  of  valleys  by  the  flow  of  lava  currents  across  them, 
and  lakes  may  be  formed  in  Alpine  regions  by  the  fall  of  masses 
of  mountain  into  narrow  valleys.  From  the  former  cause  many 
permanent  alterations  in  the  drainage  may  be  effected,  the 
dammed-up  waters  finding  a  new  outlet,  more  particularly  amid 
accumulations  of  ashes  and  cinders.  In  the  case  of  a  lava  cur- 
rent traversing  a  valley,  the  deepest  part  of  a  lake  thus  formed 
might  be  at  the  lower  part,  as  in  the  annexed  section  (fig.  35), 

Fig.  35. 
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where  the  previous  slope  of  a  riverrbed  has  been  interrupted 
by  the  flow  of  a  lava  current  b  across  a  valley,  so  that  the  river 
waters  are  ponded  back,  and  form  a  lake  at  a.  Supposing  that 
a  lava  current  fairly  stopped  the  river  course,  even  rising  some- 
what on  the  opposite  side  of  such  a  valley,  and  thus  preventing 
the  conditions  noticed  above  (p.  42),  such  a  barrier  might 
long  remain,  the  stoppage  of  the  river  waters  preventing  any 
kind  of  detritus,  which  previously  had  been  forced  onwards 
along  the  bottom,  from  further  progress,  at  the  same  time 
causing  much  of  the  mechanically  suspended  matter  to  fall. 
Both  conditions  would  be  favourable  to  the  filling  up  of  the  lake, 
such  deposits  again  to  be  cut  through,  should  the  barrier  of  the 
lava  current  be  eventually  removed.  And  it  is  to  be  observed 
that  the  cutting  away  of  the  barrier  would  be  more  easily 
efiected  when  the  lake  was  filled  up,  and  gravel  and  sand  could 
be  brought  to  scour  and  wear  away  the  channel  of  the  rapids 
or  water-falls  from  ft  to  c. 

When  mountain  masses  have  fallen  across  narrow  valleys,  as 
they  are  known  to  have  done,  and  have  ponded  back  the  waters, 
it  may  readily  happen  that  debacles  may  be  formed,  producing 
very  great  effects  at  lower  levels,  and  causing  the  removal  of 
masses  of  rock  under  such  conditions,  which  the  ordinary  con- 
dition of  the  waters  in  the  valley,  with  every  regard  to  floods, 
would  appear  to  render  improbable.  The  observer  may  learn  to 
appreciate  the  effects  of  such  falls  by  throwing  a  dam  of  loose 
sand  and  gravel  across  any  small  stream  so  that  the  waters  be 
ponded  back.  At  first  the  removal  of  the  barrier  will  be  slight, 
but  after  a  time  the  waters  rush  out,  sweeping  a  part  of  the  dam 
before  them,  and  removing,  in  their  course  downwards,  stones 
and  blocks  which  their  vegetable  coatings  show  have  for  years 
well  resisted  all  ordinary  floods. 

Sometimes  also  in  mountain  regions,  a  cross  valley  may, 
from  a  thunder  storm  falling  upon  the  area  which  it  drains, 
thrust  forward  such  a  mass  of  rubbish  across  a  main  channel  as 
to  pond  back  its  waters,  which  finally  clearing  away  the  barrier 
thus  formed,  rush  suddenly  onwards  to  lower  levels.  At  other 
times  the  efiects  of  a  tributary,  delivering  itself  at  right  angles 
or  nearly  so,  to  the  main  river,  are  more  gradual  i  and  in  pari 
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of  a  chief  valley,  where  the  fall  of  the  latter  ia  not  so  consider- 
able as  to  produce  a  rapid  current,  more  .permanent  changes 
are  produced.     The  annexed  sketch  represents  one  of  those 

Fig.  30. 


ea^es,  not  uncommon  in  some  regions,  where  a  tributary  comes 
through  a  lateral  gorge,  high  above  the  main  valley,  thrusting 
forward  the  detritus  borne  along  it,  so  as  to  form  a  sort  of  half 
cone.  The  increase  of  such  a  mass  will  modify  the  line  of  the 
main  river,  if  the  latter  be  unable  to  remove  the  detritus  thus 
borne  across  its  course.  Id  favourable  situations,  such  as  in 
some  parts  of  the  Alps,  cottages  and  cultivation  will  be  seen  on 
tliose  parts  of  the  mound  where  the  more  or  less  divided  streams 
of  the  tributary  do  not  rush  furiously  onwards  to  lower  levels. 
Among  the  causes  of  debacle  and  change  in  drainage  de- 
pressions we  should  not  omit  the  consideration  of  glaciers  fall- 
ing across  valleys  fi^m  adjacent  heights,  since  the  great  debacle 
down  the  valley  of  the  Khone  in  1818,  is  still  fresh  in  the  me- 
mory of  many  who  witnessed  its  transporting  power,  and  who 
would  scarcely  otherwise  have  been  disposed  to  credit  the  effects 
produced.  After  successive  falls  from  the  glacier  of  Getroz, 
during  several  years,  into  a  narrow  part  of  the  Val  de  Bagnes, 
in  the  Vallais,  the  accumulation  finally  became  such  that  the 
waters  of  the  Dranse,  which  previously  found  their  way  amid 
the  fallen  blocks  of  ice,  were  ponded  back.  A  lake  was  thus 
formed  about  half  a  league  in  length,  and  it  was  estimated  to 
contain  800,000,000  cubic  feet  of  water.    By  driving  a  gallery 
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at  a  lower  level  in  the  icy  barrier,  this  quantity  was  supposed 
to  be  reduced  to  530,000,000  cubic  feet,  a  mass  of  water  which, 
effecting  a  passage  between  the  ice  and  the  rock  on  one  side, 
was  let  off  in  about  half-an-hour  down  the  Yal  de  Bagnes  into 
the  valley  of  the  Rhone,  and  thus  into  the  lake  of  Geneva, 
where,  fortunately,  by  the  spread  of  the  waters,  their  destruc- 
tive force  was  lost.  Huge  blocks  of  rock  were  moved  by  this 
debacle,  and  a  great  mass  of  matter  swept  away  to  lower 
levels. 

Lacustrine  Deposita.^'ileuiioxi  has  been  already  made  of  the 
deposits  effected  in  the  still  portions  of  stream  courses,  and  of 
the  inclined  angle  which  the  layers  of  sand  and  gravel  take, 
after  being  forced  along  the  bottom  of  the  stream-bed,  and 
thrown  over  littie  delta  protrusions  into  the  pools  of  water. 
The  mode  of  detrital  deposit  to  be  observed  in  the  lakes  is  the 
same  as  in  the  little  pools,  the  difference  is  chiefly  in  the  mag- 
nitude of  the  accumulations.  The  little  pools  differ  principally 
from  lakes  from  being  liable  to  be  swept  by  floods,  and  the  de- 
posited detritus  to  be  thus  once  more  lifted  and  borne  onwards, 
which  does  not  happen  in  lakes  of  fair  magnitude.  Moreover, 
discoloured  flood  waters  spread  over  the  pools,  and  not  over 
pieces  of  water  deserving  the  name  of  lakes.  Lakes  neces- 
sarily vary  much  as  to  the  repose  of  their  waters  according  to 
their  depths.  In  the  deeper  parts  of  such  a  body  of  fresh 
water  as  that  of  the  lake  of  Geneva,*  there  is  no  cause  for 
movement  from  altered  temperature  of  the  water,  for  experi- 
ments would  appear  to  show  that  this  temperature  always  re- 
mains the  same  at  the  great  depths,  that  of  the  greatest  density 
of  fresh  water  being  found  at  all  seasons  of  the  year.  In  such 
situations  also  the  waves  raised  by  the  winds  on  the  surface  are 
not  felt,  and  whatever  chemical  or  mechanical  accumulations 
there  take  place  would  remain  undisturbed,  so  long  as  the  pre- 
sent conditions  are  continued. 

*  In  aseriesof  sonndiogs  of  the  lake  of  Greneva,  made  in  1819,  and  chiefly 
midertaken  ibr  the  purpose  of  seeing  how  far  the  temperatare  of  the  water  in 
it  corresponded  with  that  assigned  to  the  fi;reatest  density  of  fresh  water,  an 
ftccoont  of  which  was  published,  with  a  chart,  in  the '  Bibliothdqne  Universelle,' 
for  1819,  we  found  the  greatest  depth  of  the  lake  to  be  164  fathoms,  or  984  feet, 
opponte  Erian. 
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In  the  shallow  parts  of  the  same  lake,  and  necessarily  also 
in  shallow  lakes  generally,  the  waves  (sooner  raised  in  fresh 
water  lakes  than  in  the  sea  hy  the  same  force  of  wind,  because 
the  fluid  put  into  motion  is  of  less  density)  stir  up  the  finer 
mud  and  silt,  while  the  breakers  act  upon  the  shore,  and  for  the 
time  keep  heavier  matter  in  motion  and  mechanical  suspension. 
As,  therefore,  the  deep  cavities  holding  lakes  become  filled  up, 
there  may  be  an  irregularity  in  part  of  the  accumulations  in 
the  higher  portions  not  observable  beneath. 

If  attention  be  directed  to  the  mode  in  which  detrital 
matter  is  protruded  into  great  lakes,  such  as  those  of  North 
America,  Switzerland,  or  Northern  Italy,  it  will  rarely  happen 
that  the  contributing  streams  or  rivers  are  not  found  to  pour 
in  detritus  of  various  kinds  and  in  different  ways.  Let  us 
consider  that  the  accompanying  plan  (fig.  37)  represents  that 
of  a  lake  divided  into  two  unequal  portions,  and  that  it  is  sup- 
plied with  water^  in  addition  to  the  rain  which  may  fall  upon  it, 
by  the  rivers  c  d  and  e ;  that  c  is  a  chief  river,  draining  a  large 
district,  and  d  and  e  two  torrents,  descending  occasionally  from 
adjacent  mountain  heights  with  great  force,  while,  at  other 
times,  they  contain  little  water. 


Let  us  further  suppose  that  the  waters  of  the  river  c  are 
generally  turbid,  like  those  of  the  glacier  rivers  of  the  Alps, 
and  that  they  vary  in  quantity  at  dijQTerent  times,  so  that  the 
river  both  forces  forward  and  holds  mechanically  in  suspension 
variable  amounts  of  matter.  From  such  conditions  as  these  we 
may  assume  that,  though  variable,  the  accumulations,  brought 
down  into  the  lake  by  the  river  c,  woidd  still  be  more  uniformly 
spread  than  those  resulting  from  the  sudden  rushes  of  water 
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down  the  torrents  e  and  d,  the  stones  or  pebbles,  borne  forwards 
by  the  latter,  being  larger  than  the  detritus  forced  onwards  by 
the  main  feeding  river  c. 

In  order  to  appreciate  the  difference  of  accumulation  arising 
firom  these  conditions,  it  may  be  desirable  to  assume  that  the 
depth  of  the  lake  is  uniform,  or  nearly  so,  throughout,  though 
of  course  the  original  form  of  the  lake  basin  would  influence 
the  products.  The  river  c  would  accumulate  the  detritus  it 
can  force  along  its  channel,  in  the  manner  previously  noticed, 
while  at  the  same  time  it  would  discharge  a  body  of  turbid 
water  into  the  still  waters  of  the  lake.  The  force  of  the 
former  is  checked  by  the  latter ;  and  the  turbid  water,  being 
heavier  than  that  of  fresh-water  lakes^  would  sink  in  clouds 
toward  the  bottom,  as  may  be  seen  where  the  Rhone  enters  the 
lake  of  Geneva,  and  in  various  other  similar  situations.  Tlie 
velocity  with  which  the  turbid  water  would  enter  the  lake  would 
carry  it  to  various  proportionate  distances,  until  its  motion  be- 
came finally  checked.  It  is,  however,  interesting  to  observe 
that,  from  the  difference  in  specific  gravities,  when  turbid  waters 
&11  to  the  bottom,  these  steal  quietly  upon  that  bottom  for  con- 
siderable distances,  it  being  long  before  they  part  with  the  fine 
matter  which  they  hold  in  mechanical  suspension.  The  fine 
matter  brought  down  by  the  Rhone  is  found  in  mud  beneath 
the  still  deep  waters  of  the  lake  of  Geneva,  many  miles  beyond 
the  discharge  of  the  turbid  waters  of  the  river  into  that 
lake.* 

Assuming  the  depth  of  the  lake  to  have  been  such  that 
turbM  could  so  creep  beneath  the  clear  waters  as  to  form  a 
deposit  of  mud  or  clay,  we  should  have  the  bottom  of  the  minor 
division  of  the  lake  coated  with  this  finely-comminuted  matter, 
while  a  delta-like  protrusion  of  the  sand  and*  pebbles  was 
formed  over  it.  Su}>posing  the  commencement  of  such  accu- 
mulations to  be  in  a  rock  cavity,  the  basin  of  the  lake,  we 
should  expect  them  to  take  somewhat  of  the  form  seen  in  the 


*  If  a  long  trough  be  filled  with  clean  water,  and  turbid  water  be  very 
quietly  poured  into  it  at  one  end,  the  mode  in  which  the  latter  finds  its  way 
beneath  the  former  will  at  once  be  seen. 
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following  section  (fig.  38),  where  a  represents  the  first  gravel 
and  sand  deposits,  forced  over  at  e,  b  mud,  gradually  accumu- 


lated over  the  rock  basin,  d  the  advance  of  the  delta  over  the 
mud,  and  ff  the  surface  of  the  lake  beyond  the  delta.  Under 
such  conditions  we  should  have  irregular  beds  of  sand  and 
gravel,  with  occasional  patches  of  day,  the  result  of  deposits 
in  local  stagnant  places,  based  upon  a  clay  which  here  and 
there,  in  its  upper  portion,  might  contain  sand  or  sandy  clay, 
the  ejQTects  of  floods  carrying  such  matter  in  mechanical  sus- 
pension beyond  die  delta  into  deeper  water,  and  there  deposit- 
ing it  upon  tiie  mud. 

Still  referring  to  the  plan,  fig.  37,  we  should  expect  the  ac- 
cumulations at  the  junction  of  the  torrents,  d  and  e,  with  the 
lake,  to  be  much  modified  in  character.  To  render  the  case 
more  illustrative,  we  may  consider  that^  from  the  nature  of  the 
rocks  traversed  by  the  respective  torrents,  little  else  than  frag- 
ments of  hard  substances  are  shoved  forward  by  dj  while  much 
earthy  matter  and  soft  rock3,  easily  comminuted  by  firiction,  are 
mingled  with  the  harder  fragments  thrust  into  the  lake  by  e. 
If  a  small  amount  of  earthy  matter  be  carried  forward  by  d^ 
the  accumulation  where  the  torrent  enters  the  lake  would  form 
little  else  than  a  protruding  mass  of  firagments,  composed  of 
beds  difierent  in  position,  but  dipping  at  angles  varying  pro- 
bably from  20°  to  30^  around  the  general  curve  of  the  pro- 
trusion ;  while  such  finely-comminuted  matter  as  was  held  in 
mechanical  suspension  would  descend  to  tiie  bottom,  and  steal 
along  beneath,  as  previously  mentioned,  adding  to  the  mud 
derived  from  the  chief  stream  c.  The  accumulations  formed 
at  b  by  the  torrent  c,  would  be  of  a  mixed  character  between 
those  produced  by  c  and  d.  These  causes  continuing,  the 
lake  would  be  eventually  filled  up  by  clajs,  sands,  and  gravels 
brought  into  it  by  the  rivers  and  torrents,  the  surface  waves 
acting  upon  much  of  the  higher  accumulations  as  the  general 
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depth  decreased.  Pmally,  the  out-falling  river y^  clear  as  that 
of  the  Rhone,  where  it  quits  the  lake  of  Geneva,  while  the 
lake  lasted,  would  be  joined  to  the  river  c ;  d,  and  e,  as  two 
tributary  streams  adding  their  waters  to  it,  and  the  whole 
would  traverae  a  plain,  much  as  represented  beneath  (fig.  39), 
muddy  sediment  being  added  to  tfae  surface  of  the  plain  from 
time  to  time  by  floods,  and  the  torrents  still  thrusting  forward 
fragmeuta  of  rock  and  pebbles  where  they  joined  it. 

Fig.  39. 


Great  modifications  of  the  mechanical  accumulations  here 
noUced  will  readily  present  themselves  to  the  attention  of  an 
observer ;  and,  if  he  will  combine  some  of  them  with  the  che- 
mical deposits  previously  noticed,  and  add  the  harder  parts  of 
tfae  animals  which  have  either  lived  in,  or  been  drifted  into,  the 
lakes,  as  also  the  leaves  of  trees  and  other  plants,  and  the 
branches  and  trunks  of  trees  which  may  eventually  fall  to  the 
bottom  after  having  been  borne  onwards  sometimes  quietly, 
at  others  confusedly  and  rapidly,  he  may  better  appreciate  the 
still  greater  modifications  to  which  lacustrine  accumulatiooB 
may  be  subject. 

Action  of  the  Sea  on  Coasts. — Before  we  consider  the  accu- 
mulations effected  in  the  sea,  it  is  desirable  to  call  attention  to 
the  action  of  tfae  sea  on  coasts,  since  that  action  often  con- 
tributes, in  no  small  degree,  to  the  matter  of  which  these  de- 
posits are  formed. 

The  sound  produced  by  the  grating  and  grinding  of  the 
pebbles  of  a  shingle  beach,  even  when  the  breakers  on  shore 
are  comparatively  imimportant,  can  scarcely  bave  escaped  the 
attention  of  those  who  have  even  for  a  short  time  visited  coasts 
where  such  beaches,  and  they  are  common,  are  to  be  found. 
It  will  soon  be  annarent.  that  this  friction,  if  continued  for 
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away  and  smooth  off  even  the  hard  rocks  exposed  to  such 
powerful  action.  It  is,  however,  when  the  observer  sees  the 
huge  masses  of  rock  moved  by  the  breakers  arising  from  a 
heavy  gale  of  wind,  blowing  on  shore  from  over  a  wide  spread 
of  open  sea,  or  from  the  long  lines  of  wave  known  as  a  ground 
swell,  that  he  not  only  learns  to  value  the  force  of  the  water 
taken  by  itself,  thus  projected  against  a  coasts  but  also  the 
additional  power  it  derives  to  abrade  the  clifis  which  may  be 
opposed  to  the  breakers  from  the  size  and  abundance  of  the 
shingles  they  can  then  hold  in  mechanical  suspension. 

Properly  to  appreciate  the  power  of  breakers,  a  geologist 
s  hould  be  present  on  an  exposed  ocean  coast,  such  as  that  of 
Western  Ireland,  the  Land's  End  (Cornwall),  or  among  the 
Western  Islands  of  Scotland,  during  a  heavy  and  long- con- 
tinued gale  of  wind  from  the  westward,  and  mark  the  effects  of 
the  great  Atlantic  waves  as  they  break  and  crash  upon  the 
shore.  He  will  generally  find  in  such  situations  that,  though 
the  rocks  are  scooped  and  hollowed  into  the  most  fantastic 
forms,  they  are  still  hard  rocks ;  for  no  others  could  long  resist 
the  breakers,  which,  with  little  intermission,  act  upon  them. 
Not  only  blocks  of  rock  resting  on  the  shore  are  driven  for- 
wards by  the  repeated  blows  of  such  breakers  (and  it  should 
be  recollected  that  the  mere  tonnage  of  water  in  a  heavy 
breaker  is  not  inconsiderable),  but  those  also  firmly  bolted 
down  on  piers  are  often  tfirown  off  and  driven  aside  in  far  more 
sheltered  situations.  The  history  of  many  a  pier  harbour  is 
that  of  the  destructive  power  of  breakers,  and  those  who  have 
witnessed  a  breach  made  in  such  a  harbour  during  a  heavy 
gale  of  wind,  are  not  likely  to  remain  unimpressed  with  the 
importance  of  breakers  in  the  removal  of  land.* 


*  During  a  heavy  gale  in  November,  1824,  and  also  in  another  at  the  com- 
mencement of  1829,  blocks  of  limestone  and  granite,  from  two  to  five  tons  in 
weight,  were  washed  aboat  at  the  breakwater,  Plymouth,  like  pebbles.  About 
SCO  tons  of  such  blocks  were  borne  a  distance  of  200  feet,  and  up  the  inclined 
plane  of  the  breakwater.  They  were  thrown  over  it,  and  scattered  in  various 
directions.  In  one  place  a  block  of  limestone,  seven  tons  in  weight,  was  washed 
a  distance  of  150  feet.  We  have  seen  blocks  of  two  or  three  tons,  torn  away 
with  a  single  blow  of  a  breaker  and  hurled  over  into  a  harbour,  and  one  of 
one  and  a  half  or  two  tons,  strongly  trenailed  down  upon  a  jetty,  torn  away 
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Slight  attention  to  the  manner  in  which  waves  break  on  a 
coast  will  soon  show  that,  upon  the  prevalent  winds  and  the  pro- 
portion of  those  which  force  the  greatest  waves,  or  seasy  as  they 
are  generally  termed,  on  shore,  will  depend,  other  things  being 
equal,  the  greatest  amount  of  destructive  action.  Thus,  on  a 
coast  on  which  western  winds  prevail,  and  there  is  sufficient 
extent  of  open  sea  before  it,  we  should  expect  to  discover  the 
greatest  loss  of  land,  the  force  of  the  breakers  being  there  the 
greatest  and  most  incessant.  As  a  whole,  the  coasts  of  the 
British  Islands  are  exposed  to  the  heaviest  and  most  incessant 
breakers  from  winds  ranging  from  the  N.W.  to  the  S.W.,  and 
but  slight  acquaintance  with  our  coasts  will  soon  satisfy  the 
geologist,  that,  if  the  other  coasts  of  our  islands  were  exposed 
to  an  equal  amount  of  abrading  force,  a  large  portion  of 
them  woidd  soon  be  cut  away  at  a  far  more  rapid  rate  than  at 
present. 

Taking  an  equal  amount  of  prevalent  winds  and  of  open  sea 
over  which  they  may  range^  it  will  soon  be  observable  that  the 
abrasion  of  rocks,  of  equal  hardness  and  similar  position,  is 
modified  according  as  the  adjoining  seas  are  tidal  or  tideless. 
In  the  latter  case,  though  no  doubt  the  pressure  of  the  wind  upon 
water  raises  it  to  levels  above  those  which  it  commonly  occu- 
pies, the  difference  is  not  so  considerable  as  to  bring  any  large 
faces  of  cliff  exposed  to  the  action  of  the  breakers.  A  beach, 
moreover,  piled  in  front  of  a  cliff  is,  in  such  seas,  as  rarely 
passed  and  the  cliff  attacked.  In  tidal  seas,  on  the  contrary, 
many  feet  are  vertically  exposed  to  the  fury  of  the  breakers  as 
the  tide  rises  and  falls ;  and  beaches  piled  up  in  moderate  wea- 
ther are,  in  fitting  situations,  removed  by  the  return  action  of 
the  breakers,  so  that  the  clifis  are  again  open  to  abrasion.  More- 
over, the  rocks  are  exposed  to  greater  decomposition  from  being 
alternately  wet  and  dry,  a  consideration  of  some  importance  in 
many  climates,  particularly  in  those  where  the  temperature 
falls  below  the  freezing  point  of  water  during  certain  seasons 
of  the  year.  It  should  not,  nevertheless,  be  forgotten  that 
coasts,  where  breakers  reach  the  clifis  at  high  water,  are  fre- 
quently protected  by  beaches  at  low  water ;  and  that,  therefore, 
they  are  removed  from  the  abrading  power  of  the  waves  during 
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all  the  time  that  they  fell  on  the  protecting  beaches— a  time 
which  changes  with  the  varying  state  of  the  tides  and  of  the 
weather  generally. 

Attention  will  not  long  have  been  given  to  the  abrading 
action  of  breakers  on  coasts  before  it  will  be  seen  that  there 
are  many  circumstances  modifying  the  e&cts  which  would  be 
otherwise  produced.  It  will  be  observed  that  the  wearing 
away  of  coasts  is,  among  the  softer  rocks  more  especially,  often 
much  accelerated  by  land-springs  which,  as  it  were,  shove  por- 
tions of  the  clifls  into  the  power  of  the  breakers  by  so  moisten- 
ing particular  beds  or  portions  of  them,  that  much  of  the  cliff 
loses  its  cohesion,  and  is  launched  seaward.  The  loss  thus 
sustained  in  some  coasts  is  very  considerable. 

So  far  from  being  thus  brought  by,  so  to  speak,  inland  in- 
fluences within  the  reach  of  the  sea,  in  other  situations  we  find 
the  higher  parts  of  cllfis  protruding  over  the  sea  beneath,  as  in 
the  annexed  sketch  (fig  40,)  when  we  suppose  the   parts  of 

Fig.  40. 


the  rock  to  be  so  coherent  that  the  breakers  have  been  eniibled 
to  excavate  the  lower  part  of  the  cliff  in  the  manner  here  re- 
presented. The  same  action  continuing,  a  time  must  come 
when  the  weight  of  the  overhanging  portion  will  outbalance  the 
cohesion  of  the  rock,  and  this  mass  will  fall.  Breakwater,  as  It 
then  becomes  to  a  part  of  the  cliff,  much  will  depend  as  to  the 
length  of  time  it  may  so  act,  according  to  tiie  manner  in 
-vhich  it  has  fallen,  particularly  if  stratified.  If  composed  of 
ids  of  rock,  and  the  slope  of  these  beds  face  the  sea,  as  in 
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the  following  sketch  (fig.  41,)  the  breakera  will  have  less  power 
to  act  upon  them,  than  if  the  edges  of  the  strata  were  pre- 


sented to  the  sea,  as  represented  beneath  (fig.  42),  in  which 
position  they  ofier  the  least  resbtance  to  the  destructive  action 
of  the  sea. 


It  will  be  sometimes  found,  that  a  hard  rock  constitutes  the 
high  part  of  a  cliff,  while  the  lower  portion  is  composed  of  a 
Bofler  substance,  such  as  a  clay  or  marl,  and  that  masses  of  the 
harder  rock  falling  from  above  afford  protection,  for  a  time,  to 
the  lower  part  of  the  cliff.  Thus,  let  a  in  the  annexed  section 
(fig.  43),  represent  the  upper  portion  of  a  cliff  formed  of  hard 
beds  of  rock,  such  as  sandstoue,  while  &  is  a  marl  or  clay, 
then    the  action  of  the  sea,  d,  upon  the    cliff  would  under- 
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e  it,  and  cause  the  fall  of  maeseB  of  tbe  bard  rock,  c,  which, 
imulating  at  its  base,  would  tend  to  protect  it  according 
Fig. «. 


to  the  quantity  of  &]len  rock,  the  size  of  the  masses,  and 
their  hardness.  It  will  be  found  that  cliffe  composed  as  a 
whole  of  somewhat  soft  rocks,  and  clays,  marls,  or  slightly 
indurated  sandstones,  are  protected  at  their  bases  by  an  accu- 
mulation of  indurated  portions  of  these  rocks.  Thus  let  the 
Fig.  M. 


accompanying  section  (fig.  44)  represent  a  clay  in  which  there 
are  nodules  of  argillaceous  Umestones,  as  a  a  (and  those  of 
septaria  in  clays  are  often  large),  which  when  washed  out  by 
removal  of  the  ctay,  accumulate  on  the  beach  k  These  then  tend 
to  protect  the  base  of  the  cliff  from  the  destructive  action  of  the 
breakers,  c.  The  study  of  any  extended  line  of  coast,  com- 
posed of  horizontal  or  slightly  inclined  beds  of  rocks  of  unequal 
hardness  will  present  abundant  examples  of  the  modified 
protection  afibrded  to  the  base  of  cliK  from  the  accumulation 
of  masses  derived  from  them. 

Striking  examples  are  often  to  be  found  on  our  shores  of  tbe 
wearing  away  of  tbe  land  by  the  action  of  the  breakers,  so  that 
rocks  stand  out  in  the  sea  detached  from  the  main  body  of  the 
land,  but  which  once  evidently  formed  part  of  it.  Perhaps 
the  accompanying  sketch  (fig.  45)  of  the  cliffi  near  Bedrutban, 
Cornwall,  may  afibrd  an  idea  of  the  manner  in  which  some  of 


ACnON  OF  SEA  ON  COASTS. 


our  coaate  are  thus  cut  back  by  breakers.    The  islets  here  repre- 
sented have  been  formed  by  such  an  abrasion  of  the  rocks  to  the 
Fig.  ts. 


present  cliffi  of  the  main  land,  that  portions,  somewhat  harder, 
and  better  resisting  the  action  of  the  breakers  than  the  rest,  have 
remaiued  The  breakers  not  unfrequently  work  round  portions 
of  the  cli&,  forming  a  cave  through  a  projecting  point  or  head- 
land. This,  from  the  continuance  of  the  same  destructive 
action,  becoming  gradually  enlarged,  tbe  roof,  from  the  want 
of  support,  falls,  and  the  point  becomes  an  island,  round  which 
the  breakers  work  their  way,  gradually  increasing  the  distance 
between  it  and  the  main  land.  Beneath  a,  in  the  sketch,  a  point 
will  he  seen  to  be  now  separating  from  tbe  main  land,  and 
forming  into  an  island. 

As  might  be  expected,  amid  the  wearing  away  of  coasts  by 
breakers,  innumerable  instances  present  themselves  of  un- 
equal action  on  the  harder  and  softer  substances,  according 
to  their  exposure  to  the  destructive  power  employed  upon  them, 
80  that  long  channels  and  creeks,  and  coves  of  every  variety  of 
tona,  are  worked  away  in  some  situations,  while  hard  rocks 
protrude  in  others.  Coves  afibrd  shelter  to  the  fisherman, 
from  bdng  hollowed  out  in  some  localities,  while  the  hard 
ledges  act  as  natural  piers  in  others.  The  annexed  sketch 
(^.  46),  of  Polventon  Cove,  on  the  east  of  Trevose  Head, 
Cornwall,  may  be  taken  as  a  fair  illustration  of  a  harbour 
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away  the  slate  a,  from  a  Ime  of  hard  greenstone,  b,  that  the 
latter  forms  a  natural  pier,  named  the  Merope  Rocks,  affi>rd- 
ing  shelter  from  the  north-west  winds,  which,  when  strong,  are 
much  to  be  dreaded  on  this  coast.* 
Kg. «. 


It  IB  not  often,  however  we  should  expect  that  it  must  some- 
times occur,  that  a  mere  trace  of  heds,  superincumbent  upon 
dissimilar  rocks,  can  be  found  on  coasts,  showing  how  such 
may  be  entirely  i%moved  from  the  subjacent  rocks  by  the 
action  of  the  breakers.  In  this  respect,  the  annexed  sketch 
(fig.  47),  may  he  useful.  It  represents  a  small  patch,  a,  of  a 
Fig.  47. 


conglomerate  of  the  New  Red  Sandstone  series,  named  the 
Thurlestone  Rock,  (in  Bigbury  Bay,  South  Devon),  reposing, 
with  a  moderate  dip  seaward,  unconformably  upon  the  edges 
of  Devonian  slates  b.  Here  the  breakers  have  almost  entirely 
removed  the  red  conglomerate  which  was  deposited  upon  the 
slates,  and,  no  doubt,  once  covered  them  far  more  extensively 
than  is  now  observable. 
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In  estimating  the  abrading  power  of  breakers  on  an  exten- 
ave  line  of  coast,  it  is  desirable  not  only  to  direct  attention  to 
the  relative  hardness  of  the  rocks  of  which  it  is  composed,  but 
also  to  the  position  of  the  beds  (if  the  rocks  be  stratified),  and 
the  planes  of  slaty  cleaTBge  and  of  joints.  It  will  soon  be 
apparent  that  among  stratified  rocks,  lines  of  coast,  under 
otherwise  equal  circumstances,  depend  on  the  direction  and  dip 
of  the  beds.  Their  posidon  relatively  to  the  force  of  the 
breakers  is  necessarily  important ;  for  if  a  series  of  beds,  such 
as  those  in  the  accompanying  sketch  (fig.  48),  dip  seaward,  the 
ng.48. 


action  of  breakera  falling  on  them  in  the  manner  represented 
would  be  comparatively  trifling,  rince  the  return  of  one  breaker 
down  the  seaward  slope  of  the  beds,  diminishes  the  fierce  of  the 
next  falling  upon  it,  and  the  power  of  the  remainder,  rushing 
np  the  elope,  is  gradually  expended,  and  meets  with  no  direct 
obstacle  upon  which  it  can  destructively  act  The  positions  in 
which  the  edges  of  the  beds  of  any  given  rock  are  exposed  to 
the  action  of  the  sea,  are  those  where  the  abrading  power  of  the 


breakera  is  most  successfully  exerted.    Let  us  suppose  that  the 
annexed  plan  (fig.  49),  represents  a  line  of  coast  exposed  to  the 
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north  and  west,  and  that  the  abrading  action  of  the  breakers  is 
equal  from  both  points  ;  then  the  effects  produced  will  depend 
upon  the  resisting  powers  of  the  rocks  themselves.  Taking  the 
country  to  be  composed  of  beds  of  slates  and  sandstones,  having 
a  strike  or  direction  from  east  to  west,  and  a  dip  of  about  45° 
to  the  north ;  then,  supposing  no  cleavage  planes,  and  the  slates 
to  be  parallel  with  the  sandstone  beds,  the  resisting  powers  of 
the  rocks  would  be  greatest  on  the  northern  coast,  since  the 
beds  would  there  all  slope  seaward,  while  the  same  rocks  would 
be  liable  to  much  abrasion  on  the  west-,  the  edges  of  the  beds 
being  exposed  in  that  direction.  Numerous  indentations  would 
be  the  results  similar  to  those  represented  in  the  plan,  the 
softest  beds  being  worn  into  the  deepest  coves,  and  the  harder 
constituting  the  most  prominent  headlands. 

In  all  investigations  as  to  the  loss  of  laud  from  the  action  of 
the  sea  upon  it,  dependence  can  rarely  be  placed  on  old  maps 
of  coasts,  which  are  for  most  part  very  inaccurate;  indeed, 
there  would  be  no  difficulty  in  producing  those  which  would, 
when  compared  with  a  good  modern  survey,  apparently  show 
an  increase  of  half  or  three-quarters  of  a  mile  on  a  cliff  coast> 
where,  in  fact,  there  had  been  considerable  loss. 

We  have  seen  that  clifis  become  abraded  by  the  action  of 
the  breakers,  sometimes  alone,  at  others  combined  with  that  of 
the  atmosphere  and  of  land-springs.  The  mineral  matter  so 
brought  within  the  influence  of  the  sea  has  to  be  removed,  and 
observation  soon  shows,  that  while  one  part  of  it  is  caught  up 
in  mechanical  suspension,  and  is  then  liable  to  be  carried  away 
by  the  movements  of  tides  or  currents,  another  portion  remains 
and  is  exposed  to  the  grinding  action  of  the  breakers  on  the 
coast.  This  latter  portion  necessarily  varies  in  size  from  the 
block,  which  can  only  be  shaken  by  the  blows  of  heavy  breakers 
discharged  upon  it,  acting  with  their  greatest  power,  to  the 
small  pebble  temporarily  caught  up  in  mechanical  suspension, 
even  by  minor  breakers,  but  which  again  sinks  to  the  bottom 
when  not  exposed  to  their  influence. 

It  will  be  observed,  respecting  shingle  beaches,  that  during 

I  heavy  on-shore  gale,  every  breaker  is  more  or  less  charged 

ith  the  materials  composing  the  beach,  and  that  the  shingles 
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are  forced  forward  as  far  as  the  broken  wave  can  reach,  their 
shock  against  the  beach  driving  others  before  them,  not  held  in 
temporary  mechanical  suspension.  Shingles  are  thus  projected 
on  the  land  beyond  the  reach  of  the  retiring  waves,  and  there 
accumulate  in  long  ridges  parallel  to  the  coast,  especially  where 
the  land  is  low  behind  the  shingle  beach.  Heavy  on-shore 
gales  and  high  tides  combined  necessarily  produce  the  greatest 
accumulation  of  shingle  in  such  localities,  and  although  occa- 
sionally a  breach  may  now  and  then  be  formed  at  such  times,  it 
becomes  speedily  filled  up  by  the  piling  action  of  the  breakers. 

Attention  to  a  shingle  beach  will  soon  show,  notwithstanding 
the  minor  removal  of  portions  from  one  place  to  another,  back* 
wards  and  forwards,  and  the  modifications  arising  from  the 
obliteration  of  the  little  lines  of  beach,  not  unfrequently  pro- 
duced during  moderate  weather,  that  as  a  whole  it  travels  in 
the  direction  of  the  prevalent  breakers  until  arrested  against 
some  projecting  portion  of  the  coast.  This  must  happen,  if  any 
force  act  upon  the  shingles  more  in  one  direction  than  another, 
since  they  would  be  compelled  to  travel  in  conformity  with  it ; 
and  observation  proves  that  such  is  the  fact,  for  not  only  do  we 
find  pebbles  of  known  rocks  thus  moved  from  the  particular 
portion  of  cliff  whence  they  have  been  derived,  but  also,  though 
breakers  appear  to  adjust  themselves  to  the  tortuous  character 
or  Outline  of  a  coast,  that  there  is  always  a  slight  oblique  action 
in  consequence  of  the  main  direction  of  the  wind  at  the  time. 

One  of  the  simplest  forms  in  which  the  shingles  of  a  beach 

Fig.50. 


r>< 


\ 

are  seen  to  have  travelled  is  where,  as  in  the  annexed  plan 
(fig.  50),  we  find  a  spit  of  shingle  beach,  rf,  composed  of  peb- 
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bles  evidently  derived  from  a  coast,  b^  stretching  in  the  direc- 
tion whence  the  prevalent  winds  blow,  the  shingle  beach  being 
unable  to  cross  over  to  the  opposite  coast  (a)  in  consequence 
of  the  flow  and  ebb  of  the  tide  in  and  out  of  an  estuary,  («,  c,) 
into  which  a  river  (f)  discharges  itself  at  the  higher  end.  In 
such  cases,  and  they  are  to  be  seen  in  many  situations,  the 
rush  oi  water  is  able  to  keep  the  channel  open  between  the 
spit  of  beach  d  and  the  coast,  not  in  the  direction  of  pre- 
valent winds,  the  ebb  tide,  especially  when  the  river  is  in 
flood,  efiectually  keeping  clear  the  passage,  and  throwing 
off  the  shingle,  which  strives  to  cross  over  and  block  up  the 
estuary. 

There  are  good  examples  on  the  coast  of  Devonshire,  at 
Teignmouth  and  Exmouth,  of  tongues  of  beach  thus  formed, 
but  trending  in  different  directions,  exposure  to  the  prevalent 
breakers  being  clearly  seen  to  be  the  cause  of  the  opposite 
directions  taken  by  the  beaches.  At  Teignmouth,  a  small 
portion  only  of  the  beach  is  derived  from  the  rocks  on  the 
southward,  and  the  river  mouth  is  protected  from  the  southerly 
and  south-west  winds,  but  exposed  to  the  eastward  and  north- 
east. Hence,  the  beach  is  driven  to  the  southward,  and  the 
river  keeps  its  channel  open  by  escaping  against  the  hard  clifis 
of  the  Ness  Point.  The  reverse  of  this  action  is  observed  at 
Exmouth. 

We  have  various  examples  on  our  coasts  (the  Looe  Pool, 
near  Helstone,  Cornwall,  and  Slapton  Pool,  in  Start's  Bay, 
Devon,  are  illustrative  instances),  where  the  river  waters  being 
insuflUcient  to  contend  with  the  beach-piling  action  of  the 
breakers,  the  outlet  for  the  fresh  waters  is  completely  crossed 
by  beaches,  and  lakes  are  formed  behind  them,  the  surplus 
waters  percolating  through  the  shingles.  From  this  state  of 
things  to  the  escape  of  a  river,  by  passing  close  to  a  hard  cliff, 
there  is  every  modification.  In  many  localities  exposed  to 
open  sea,  the  minor  streams  will  be  found  dammed  up  by,  or 
cutting  through  beaches,  according  to  the  state  of  the  weather. 
A  heavy  on-shore  gale  throws  up  a  bar  of  beach,  which  a  flood 
from  the  land  removes,  and  so  the  conditions  alternate,  with 


ACTION  OF  SEA  UPON  COASTS.  65 

every  kind  of  modification.     The  following  (fig.  51)  is  a  sec- 
tion through  the  beach  and  lake  at  Slapton  Sands^  Start  Bay, 

Fig.  61. 


II,  being  the  sea,  which  throws  np  the  beach  b;  c,  the  fresh- 
water lake  behind  the  beach ;  d^  the  weathered  and  decomposed 
portion  of  the  slate  rocks  e.  This  section  is  interesting  also 
firom  showing  that,  at  the  present  relative  levels  of  sea  and 
land  in  that  locality,  the  sea  has  not  acted  on  the  hill  d  e,  since 
the  loose  incoherent  substance  of  d  would  have  been  readily 
removed  by  the  breakers. 

The  Chesil  Bank,  on  the  coast  of  Dorsetshire,  afibrds  a  good 
example  of  the  driving  forwards  of  shingle  in  a  particular  di- 
rection by  breakers,  produced  by  the  action  of  prevalent  vrinds. 
It  is  about  16  miles  long,  connecting  the  island  of  Portland 
with  the  main  land,  and  for  about  eight  miles  from  that  island, 
is  backed  by  a  narrow  belt  of  tidal  water,  known  as  the  Fleet. 
From  its  position,  the  heavy  swells  and  seas  firom  the  Atlantic, 
often  break  furiously  on  this  bank,  which  protects  land  that 
-would  otherwise  soon  be  removed  by  them.  The  following 
(fig.  52)  is  a  section  across  the  Chesil  Bank,  a  being  the  bank ; 

Fig.  52. 


A,  the  water  termed  the  Fleet;  c,  small  cliflfe  formed  by  the 
waves  of  the  Fleet,  and  by  falls  from  the  effects  of  land  springs ; 
d^  various  rocks  of  the  oolite  group,  protected  firom  removal  by 
the  Chesil  Bank,  and  ^,  the  sea,  open  to  the  Atlantic.  In  this 
case  also  we  seem  to  have  an  example  of  the  Atlantic  breakers 
not  having  reached  the  land  behind  since  the  relative  levels 
of  the  sea  and  land  were  such  as  we  now  find  them.  A  gradual 
sinking  of  the  coast  would  appear  to  afford  an  explanation  of 
the  phenomena  observed,  and  is  a  supposition  harmonizing 
with  the  facts  previously  noticed  at  Slapton  Sands. 
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The  general  travelling  of  ehii^les  on  a  CMWst,  much  toodifled 
by  conditions,  may  be  illuBtrated  by  tiie  following  plan  (fig. 
53),  in  which  G,  C,  B,  A,  and  F,  represent  a  line  of  coast  ex- 
Fig.  53. 


poeed  to  the  prevalent  winds  W,  W.  The  lines  of  waves  are 
shown  by  dotted  lines,  made  to  curve  inwards  behind  protect- 
ing headlands.  In  consequence  of  the  configuration  of  the 
coast,  and  its  chief  exposure  to  the  action  of  breakers,  the 
shingle  would  tend  to  travel  irom  A  to  F  on  the  one  side,  and 
from  A  to  G  on  the  other.  There  would  be  little  impediment 
to  their  course  along  the  line  A  F,  until  the  river  on  the  right 
presented  itself,  where  K  represents  the  cliff  of  bard  rock,  and 
F,  the  tongue  of  drifted  beach,  arising  from  the  conditions 
previously  noticed  (p.  63).  Between  A  and  G  the  efiects 
would  be  different,  particularly  if  it  be  assumed  that  the  point 
of  land  B  projects  into  deep  water.  Considering  the  river  at 
D  as  small,  the  beach  would  traverse  its  mouth  and  be  only 
removed  during  heavy  floods,  so  that  the  mass  of  shingle  would 
tend  to  travel  towards  the  point  B,  and  there  descend  and  ac- 
cumulate in  deep  water.  Supposing  C  another  point  of  land 
jutdng  into  deep  water,  it  would  only  bar  the  progress  of  the 


ACTION  OP  SEA  UPON  COASTS.  67 

shingle  traTelling  from  M  to  it,  a  beach  closing  the  entrance  of 
the  eataary  at  E,  assumed  to  be  shallow,  and  under  the  condi- 
tions previously  mentioned  as  existing  at  the  Looe  Pool  and 
SlaptOQ,  the  back  waters  being  unable  to  force  outwards  the 
beach  accumulated  by  the  breakers. 

At  L  (fig.  53),  we  have  shown  a  marsh  accumulation  behind 
the  protecting  influence  of  the  shingle  beach  F,  this  accumuht- 
tion  being  a  deposit  from  the  checked  waters  of  the  river,  by 
the  action  of  the  flood-tide,  when  r^ns  had  caused  detritus  to 
be  borne  down  in  mechanical  suspension  by  the  rirer.  The  an- 
nexed plan  (fig.  54)  may  lud  in  showing  the  modification  often 
observable  where  the  tongue  of  beach  is  composed  of  sand, 
backed  by  eand-hiUs :  a  represents  a  tract  of  low  level  land, 
Fig.  M. 
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which  may  either  have  been  formed  by  the  filling  up  of  an 
estuary  under  existing  conditions,  or  be  the  bottom  of  an  estu- 
ary of  a  previous  time,  now  nused  ■,b,ba>  sandy  beach  and  sand- 
hills, protecting  the  low  land  from  the  ravages  of  the  sea ; 
e,  e,  a  river  which  makes  good  its  course  to  the  sea,  by  keep- 
ing close  to  the  hard  clifT  e.  We  have  assumed  that  a  small 
stream,  audi  wf,  occurs,  so  that  it  does  not  find  its  way  to  the 
main  stream,  but  loses  itself  in  pools  amid  the  sand-hills,  the 
mad  from  it  tending  to  consolidate  and  cement  the  blown 
sands,  binding  them  together,  and  hence  supporting  a  vegeta- 
tion which  would  not  otherwise  have  found  the  conditions  for 
ita  growth. 
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In  these  situations  there  is  often  a  severe  straggle  between 
the  action  of  the  sea  (swept  by  prevalent  winds  w,  w,  piling 
sand  upon  the  beach  by  b^)  assisted  by  that  of  the  wind  on 
the  sand  hills,  and  the  waters  of  the  river.  The  effect  of  such 
a  little  stream  as  /  is  not  unfrequently  to  pve  much  firmness 
to  the  end  of  the  beach  and  sand-hills  towards  g^  while  the 
sand  blown  over  towards  the  main  river  is  caught  up  by  it  and 
again  carried  out  to  sea,  particularly  during  floods. 

Let  us  now  consider  sandy  beaches  and  sand-hills,  bordering 
coasts  generally.  The  sand  on  sea-shores  is  derived  from  the 
rivers  bearing  it  down  in  mechanical  suspension,  or  forcing  it 
forward  on  the  bottom  to  the  sea ;  from  the  wearing  away  of 
clifis  of  sand  and  sandstone  by  breakers,  or  from  the  attrition 
of  the  pebbles  or  shingles  on  beaches,  so  that  finally  they  be- 
come mere  sand.  To  these  causes  must,  in  certain  localities, 
be  added  the  trituration  of  shells  and  corals,  ejected  fi*om  the 
sea  and  piled  up  as  beaches,  in  some  places  by  themselves,  at 
others  variously  mingled  with  ordinary  sand. 

Regarding  the  common  occurrence  of  sea-shore  sand  of  a 
certain  average  degree  of  fineness,  it  should  be  observed,  that 
as  detritus  approaches  that  size  it  becomes  more  and  more  dif- 
ficult to  reduce  it  further,  since  it  is  then  more  and  more  easily 
caught  up  in  mechanical  suspension  by  breakers,  and  therefore 
grain  cannot  so  readily  be  ground  against  grain.  Once  remov- 
able in  mechanical  suspension  by  the  ordinary  action  of  the 
waves  and  currents,  the  finer  sedimentary  matter  is  borne  to 
situations  where  it  can  be  deposited,  in  consequence  of  the 
needful  tranquillity  of  the  water,  a  tranquillity  either  arising 
from  depth,  or  shelter  from  waves  and  currents  capable  of  dis- 
turbing the  deposit. 

The  accumulation  of  sand-hills  can  as  readily  be  studied  on 
various  portions  of  our  own  coasts,  as  in  those  parts  of  the 
world  where  the  shores  present  little  else  than  sandy  dunes 
for  hundreds  of  miles.  A  low  line  of  coast  with  a  shallow  sea 
outside,  and  presenting  a  fair  exposure  to  breakers,  is  usually 
sufficient  for  their  production.  The  greater  amount  of  shore 
dry  at  low  water  in  tidal  seas,  and  the  greater  the  exposure  to 
prevalent  winds,  the  larger  is  commonly  the  accumidation  of 
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the  sand-hills,  other  conditions  being  equal.  The  cause  is 
sufficiently  obvious.  A  large  tract  of  sand,  exposed  between 
high  and  low  water-mark,  and  under  the  influence  of  a  strong 
on-shore  wind,  is  soon  partially  dried  on  its  surface,  and  the 
dried  sand  is  swept  inland  beyond  the  reach  of  the  breakers  of 
the  rising  tide,  which  could  have  again  caught  up  this  sand  in 
mechanical  suspension  and  have  distributed  it. 

It  is  desirable,  that  the  observer  should  select  some  day, 
when  a  strong  on-shore  wind  blows  over  a  tract  of  sand,  and 
the  drier  the  state  of  the  atmosphere  the  better,  to  see  the 
manner  in  which  the  grains  of  sand  are  transported  inland,  and 
to  mark  the  various  modifications  of  surface  which  arise  from 
the  deposit  of  the  sand  among  the  sea- weeds  or  pebbles,  should 
any  occur.  He  will  find  that,  while  some  grains  of  sand  may 
be  held  in  mechanical  suspension  by  the  wind,  at  a  height  of  an 
inch  or  so  from  the  sandy  surface  beneath,  the  friction  of  the 
air  on  the  latter  produces  such  retardation  of  the  wind  cur- 
rent, that  similar  grains  of  sand  are  merely  swept  along  the 
bottom.  In  such  respects  this  perfectly  accords  with  the  move- 
ments of  detritus  in  river  channels,  and  above  noticed.  The 
difference  is  merely  that  the  transporting  power  is  air  in  the 
one  case,  and  water  in  the  other.  Indeed,  this  action  is  so 
completely  of  the  same  kind,  that  the  furrows  and  ridges  pro- 
duced by  the  friction  of  water  currents  over  arenaceous  accu- 
mulations, may  be  advantageously  studied  where  wind  currents 
drive  over  sand. 

To  observe  the  manner  in  which  the  sands  furrow  and  ridge, 
and  move  onwards,  a  time  should  be  chosen  when  the  wind  is  not 
sufficiently  powerful  to  hold  the  sand  in  mechanical  suspension, 
but  merely  to  drive  or  push  it  onwards.  The  ridging,  as  shown 
in  the  annexed  section  (fig.  55),  is  accomplished  by  the  driving 

Fig.  55. 


of  the  grains  with  sufficient  force  by  the  wind  acting  in  the  di- 
rection tOy  to,  merely  to  carry  onwards  those  on  the  surface,  the 
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retardation  of  which  by  Motion  on  those  beneath  so  acts  that 
the  grains  at  b^  are  driven  on  to  the  ridge  a\  and  by  accumu- 
lation (the  power  of  the  wind  being  sufficient  to  cut  down  the 
ridges  to  a  kind  of  general  level  or  curve,  as  the  case  may 
happen  to  be),  fall  over  into  the  furrow  &*,  and  so  on  with  the 
ridges  a'  and  a*.  As  the  friction  is  continued,  the  crests  of  the 
ridges  advance,  and  their  places  are  occupied  by  furrows,  to 
be  replaced  by  ridges.  When  the  velocity  of  the  wind  is  favour- 
able for  researches  of  this  kind,  an  observer  will  best  see  the 
advance  of  the  ridges,  by  placing  himself  amid  the  moving 
surface,  and  directing  his  attention  to  the  ridges  nearest  him, 
at  the  same  time  making  due  allowance  for  the  obstacles  pre- 
sented by  his  feet,  which  will  produce  modifying  influences, 
readily  appreciated. 

Arrived  at  the  margin  of  the  shore  line,  the  sands  pushed 
forward  in  the  manner  noticed,  or  caught  up  in  mechanical  sus- 
pension, when  the  winds  are  sufficiently  powerful,  accumulate, 
forming  ranges  of  sand  hills,  in  some  countries  characteristic 
of  long  lines  of  coast.  By  their  accumulation  and  tendency 
to  move  inland,  in  the  direction  of  the  prevalent  and  more 
powerful  winds,  they  produce  changes  upon  the  adjoining  low 
lands,  and  even  upon  considerable  slopes  of  adjoining  hills. 
The  sands  accumulated  in  the  Bay  of  Biscay,  may  be  con- 
sidered as  affi3rding  an  illustrative  instance  of  this  encroach- 
ment on  the  land,  and  the  modifications  thence  produced,  inas- 
much as  great  changes  are  known  to  have  been  there  effected 
during  the  historical  period. 

The  advance  of  these  dunes  is  described  as  irresistible,  and 
at  a  rate  of  60  and  72  feet  per  annum.  They  force  before 
them  lakes  of  fresh  water,  formed  by  the  rains,  which  cannot 
find  a  passage  into  the  sea  in  the  shape  of  streams.  Forests, 
cultivated  lands,  and  houses  disappear  beneath  them.  Many 
villages  noticed  in  the  middle  ages  have  been  covered,  and  a 
few  years  since  it  was  stated,  that  in  the  department  of  the 
Landes  alone,  ten  villages  were  threatened  with  destruction. 
^*  One  of  these  villages,  named  Mimisan,  has  been,"  said 
Cuvier,  '^  striving  for  20  years  against  them ;  and  one  sand- 
hill, more  than  60  feet  high,  may  be  said  to  be  seen  advancing. 
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Id  1802,  the  lakes  invaded  five  fine  farms  belonging  to  St. 
Julien ;  they  have  since  covered  a  Roman  causeway,  which 
led  from  Bordeaux  to  Bayonne,  and  which  was  seen  about  40 
years  since,  when  the  waters  were  low.  The  Adour,  which 
was  once  known  to  flow  by  Vieux  Boucaut,  and  to  fall  into  the 
sea  at  Cape  Breton,  is  now  turned  aside  more  than  a  thousand 
toises."* 

There  are  few  extended  lines  of  coasts  which  will  not  afford 
opportunities  for  the  observation  of  sand-hills,  and  their  mode 
of  accumulation  and  change,  for  strong  winds  acting  upon  even 
a  comparatively  exposed  surface,  soon  produce  a  marked  alter- 
ation of  their  form.  Successive  accumulations,  shown  by  the 
remains  of  surface  vegetation  grown  during  times  where  it 
could  partially  establish  itself,  are  cut  away  and  heaped  up 
into  other  hillocks,  new  matter  derived  from  the  sea  being 
added  to  the  general  mass.  At  times,  the  action  of  a  strong 
off-shore  wind  forces  sand  back  to  the  sea,  acting  not  only  on 
the  sand-hills  over  which  it  blows,  but  also  on  the  dried  sur- 
face  of  the  sands  bared  between  high  and  low  tide,  or  still 
more  easily  acted  upon  when  left  dry  for  a  longer  time,  be- 
tween the  highest  lines  of  neap  and  spring  tides. 

As  the  sand  commonly  found  in  sand-hills  is  not  usually 
borne  high  in  mechanical  suspension  by  the  winds,  such  dis- 
tricts will  not  long  have  engaged  the  attention  of  an  observer, 
before  he  will  notice  the  power  of  running  water,  even  of  small 
streams,  if  their  courses  be  unobstructed  and  fairly  rapid,  to 
prevent  the  extension  of  blown  sands.  The  sand  drifted,  fall- 
ing into  the  streams,  is  borne  onwards  by  these  waters,  and  is 
thus  prevented  from  traversing  them.f  Sand-drifts  are  some- 
times also  found  stopped  by  the  flow  of  tidal  waters  in  and  out 
of  lagoons.  Of  this  kind,  the  accumulation  of  sand  at  the 
northern  side  of  a  spit  of  land,  terminated  by  sand-hills,  near 

*  CaTier,  Dis.  wr  Us  Revolutions  du  Globe,  A  thousand  toises  is  aboat 
6400  English  feet,  or  somewhat  less  than  a  mile  and  ona  <|iiafter. 

t  Good  examples  of  this  fact  may  be  observed  on  the  coast  of  Cornwall.  The 
Perran  Sands  are  thns  booaded  for  nearly  two  miles  between  Treamble  and 
Holy  Well  Bay.  Much  land  is  stated  to  have  been  covered  by  drifts  fW>m  the 
Periun  Sands,  in  consequence  of  a  small  stream  having  been  covered  by  mining 
operations  near  Gear. 
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Tramore,  on  the  eastern  coast  of  Ireland,  may  be  considered 
as  a  good  example. 

As  having  a  geological  bearing,  the  observer  would  do  well 
to  direct  his  attention  to  the  manner  in  which  the  remains  of 
vegetable  and  animal  life,  both  terrestrial  and  marine,  become 
mingled  in  sand-hills.  Portions  of  seaweeds  will  frequently  be 
found  blown,  when  dry,  amid  the  terrestrial  vegetation  of  the 
sand-hills ;  and  the  shells  of  the  helices,  which  are  often  found 
in  multitudes  in  such  situations,  get  mingled  with  marine 
shells,  or  their  fragments. 

In  some  situations,  the  sand-hills  are  largely  composed  of 
comminuted  shells,  ground  to  that  state  by  the  breakers ;  and 
in  such  cases^  consolidation  of  parts  of  them  may  be  observable, 
having  the  hardness  of  many  sandstones.  The  carbonate  of 
lime  of  the  shells  becomes  acted  upon  by  the  carbonic  acid  in 
the  rain  waters,  with  additions  from  decomposing  vegetation, 
when  plants  have  established  themselves  on  the  surface  of  the 
sand,  and  a  final  deposit  of  the  carbonate  of  lime,  thus  held  in 
solution,  agglutinates  the  grains  of  sand  together.  Indurated 
sands  of  this  kind  are  sufficiently  hard,  occasionally,  to  be 
employed  for  building  purposes.* 

Distribvtion  and  deposit  of  sedimentary  matter  in  tideless 
seas, — As  tideless  seas  might  be  considered  as  mere  salt-water 
lakes,  the  distribution  and  deposit  of  detritus  in  them  would, 
as  a  whole,  resemble  that  of  fresh-water  lakes,  particularly  of 
those  attaining  the  magnitude  of  the  great  North  American 
lakes,  but  for  the  difference  in  the  relative  specific  gravities  of 
their  waters.  Slight  attention  on  the  part  of  an  observer  to  the 
overflow  of  rivers  swollen  by  rains,  and  charged  with  mecha- 
nically suspended  matter,  into  the  sea,  will  show  him  that  the 
discoloured  waters  of  the  rivers,  instead  of  falling  beneath  the 
waters  into  which  they  flow,  as  is  seen  at  the  higher  part  of 

*  The  consolidated  calcareous  sand  of  New  Quay,  Cornwall,  has  been  long 
used  as  a  boildiag  stone;  not  only  is  the  neighbouring  church  of  Crantoch  built 
of  this  modem  sandstone,  but  very  ancient  stone  coffins  have  also  been  dis- 
covered, composed  of  the  same  consolidated  sand,  in  the  adjoining  churchyard. 
The  gndns  are  so  firmly  cemented  in  this  New  Quay  sandstone,  that  where  it 
graduates  into  a  kind  of  conglomerate,  pebbles  of  quartz  and  hard  sandstone  are 
!:enerally  broken  through  by  a  blow  on  the  compound  rocks. 
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the  lake  of  Geneva,  and  numerous  other  lakes,  proceed  sea* 
wards  on  the  surface  of  the  sea  waters,  and  often  to  consider- 
able distances.  The  cause  is  simply  that,  though  discoloured 
by  the  detrital  matter  held  in  mechanical  suspendon,  these 
riyer  waters  are  still  specifically  lighter  than  the  sea  waters 
into  which  they  flow,  until,  by  being  finally  checked,  and  by 
mingling  with  the  sea  waters,  the  fine  matter  falls  from  its 
mechanical  suspension  to  the  bottom  beneath. 

The  distances  to  which  the  river  waters  sometimes  flow  sea- 
ward, transporting  fine  detrital  matter,  parting  with  it  gradu- 
ally, must,  when  the  great  rivers  of  the  world  become  full  and 
turbid,  be  often  very  considerable.  Colonel  Sabine  has  stated, 
that  at  three  hundred  miles  distant  from  the  mouth  of  the 
Amazons,  discoloured  water,  supposed  to  come  from  that  river, 
was  found,  with  a  specific  gravity  of  1  -0204,  floating  above  the 
sea  water,  of  which  the  specific  gravity  was  1*0262,  the  depth 
of  the  lighter  water  being  estimated  at  126  feet.  It  would  be 
well  that  observers  should  direct  their  attention  to  such  facts, 
for  their  accumulation  would  tend  much  to  show  us  the  extent 
to  which  fine  sedimentary  matter  may  be  thus  borne  beyond 
the  action  of  tides  and  coast  currents.*  As  much  matter  may 
be  thus  distributed  in  chemical  solution,  valuable  informa- 
tion might  also  be  collected  as  to  the  kind  and  quantity  of 
substances  so  held  in  solution. 

From  the  varied  depths  near  its  shores,  the  Mediterranean 
afibrds  us  a  good  example  of  the  deposits  eflTected  in  seas  which 
are  commonly  termed  tideless.  The  great  rivers  which  dis- 
charge themselves  into  it,  such  as  the  Nile,  Po,  and  Rhone, 
now  transport  little  sedimentary  matter  that  is  not  finely  com- 
minuted, and  of  easy  mechanical  suspension.  The  Nile,  which 
has  been  estimated  to  deliver  a  body  of  water  annually  into 
the  Mediterranean  about  250  times  that  which  flows  out  of  the 

*  Very  little  practice  would  enable  those  who  may  have  opportanities  of 
making  sach  obsenrationa  to  ascertain  the  amount  of  matter  mechanically  sus- 
pended in  waters  of  this  kind.  If  the  scales  be  not  very  delicate,  by  pooring  a 
large  Tolame  of  the  water  through  a  filter,  preyiously  weighed,  such  an  approxi- 
mation to  the  truth  may  be  obtained  as  to  be  usefiil.  As  previously  observed 
(p.  34),  mere  evaporation  of  the  water  would  give  not  only  the  matter  in 
mechiniml  suspension,  but  that  also  in  chemical  solution. 
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Thames,  beginning  to  rise  in  June,  attaining  its  maximum 
height  in  August,  and  then  falling  until  the  next  May,  must 
thrust  forward,  from  its  periodical  rise  and  fall,  fine  sedi- 
mentary matter  with  great  regularity,  tending  thus  to  produce 
consecutive  layers  or  beds  of  mud  and  clay  of  considerable 
uniform  thickness  and  character,  in  those  situations  where 
modifying  conditions  do  not  interfere.  Part  of  the  fine  matter 
brought  down  from  the  interior  in  mechanical  suspension  is 
deposited  on  the  lower  grounds  traversed  by  the  Nile ;  and  it 
has  been  calculated  that  the  surface  of  Upper  Egypt  has,  in 
this  manner,  been  raised  more  than  six  feet  since  the  com- 
mencement of  the  Christian  era.  The  fine  matter  -  not  so 
deposited,  passing  with  the  river  waters  seaward,  is  necessarily 
borne  furthest  outwards  when  the  greatest  force  of  the  river 
water  prevails,  namely,  in  August  of  each  year. 

The  matter  thus  borne  seaward  may  be  kept  more  or  less 
time  mechanically  suspended,  according  to  the  agitation  of  the 
surface  by  winds,  but,  as  a  whole,  there  must  be  an  average 
area  over  which  it  is  thrown  down ;  the  greatest  distance  of 
the  deposit  from  the  mouths  of  the  Nile  being  attained  in 
August,  though  the  greatest  thickness  of  a  year's  deposit  will 
be  nearer  the  land.  As  the  river  mouths  advance,  these  sheets 
of  fine  sediment  would  be  expected  to  extend  further  seaward, 
overlapping  each  other. 

Where  the  surface  of  the  sea  cuts  the  slightly  inclined  plane 
of  sedimentary  matter,  partly  in  the  sea,  and  partly  on  the 
land,  the  breakers  separate  the  finer  from  the  coarser  substances, 
keeping  the  former  easily  in  mechanical  suspension,  and  re- 
moving them  from  the  shore  outwards.  The  result  is,  an  are- 
naceous boundary,  with  banks  so  formed,  as  to  include  lagoons, 
such  as  are  seen  in  the  accompanying  sketch  of  the  delta  of 
the  Nile  (fig.  56),  at  Lakes  Mareotis,  Bourlos,  and  Menzaleh. 

These  lakes  gradually  fill  up,  the  shore  advances,  and  so, 
even  supposing  the  same  relative  level  of  sea  and  land  not  to 
be  altered  through  a  long  succession  of  ages,  the  bed  of  the 
Mediterranean  becomes  more  shallow  in  that  region,  and  a 
mass  of  matter,  such,  for  the  most  part,  as  would  eventually 
form  clay,  is  accumulated ;  the  upper  portion  sandy  from  the 
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acUoD  of  the  breakers  upon  tlie  level  of  the  sea,  and  from  the 
sifting  action,  so  to  speak,  of  the  waves  further  seaward,  at 
depths  where  that  inflnence  could  be  felt. 
Fig.  (16. 


From  the  periodical  character  of  the  rise  of  water  in  tlie  Nile, 
the  equivalent  periodical  deposits  might  even  be  marked  by 
bands  or  layers  extending  to  distances  bearing  a  relation  to 
the  amount  of  transporting  power  of  the  river  waters,  so  that 
coarser  particles  could  be  carried  fiirther  and  over  more  ex- 
tended areas  at  one  time  than  at  another.  The  general  deposit, 
however,  gradually  advancing  seaward,  successive  annual  accu- 
mulations would,  as  a  whole,  overlap  each  other. 

When  we  regard  the  Fo  and  Rhone,  we  have  not  the  same 
-  very  marked  periodical  rise  of  their  waters ;  though  no  doubt, 
taken  as  a  whole,  there  may  annually  be  times  when  more 
matter  is  borne  outward  than  at  others.  With  the  exception  of 
the  regularity  of  effects  likely  to  be  produced  by  the  rise  and 
fall  of  their  waters,  the  accumulations  formed  by  deposit  from 
the  detrital  matter  borne  seaward  by  the  Po  and  Rhone  would, 
however,  be  similar  to  those  of  the  Nile  ;*  the  same  discharge 

*  Ai  raipectB  lh«  Po,  H.  Prouy  considered  biauelf  Bathoriaed  to  conclnde, 
froin  the  ezamiiutioa  of  ■  I&rge  kmooDt  of  evidence,  "  First,  that  ai  Bome  aucieat 
period,  the  preciie  date  of  which  Mnnot  now  he  afcerluDed,  the  -waye*  of  the 
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of  fresh  waters  holding  matter  in  mechanical  suspension  over 
the  surface  of  the  sea,  the  same  sifting  of  the  detritus  so 
borne  seaward,  where  the  action  of  the  waves  can  reach  it,  and 
the  same  general  order  of  accumulations.*  As  the  general 
mass  of  matter  advanced,  there  would  be  mud  or  clay  formed 
at  the  greatest  distance  from  the  land,  over  which  the  sands, 
separated  from  the  finer  or  mud-forming  particles  in  the  shal- 
low water  and  along  shore,  would  gradually  be  spread*  mingled 
here  and  there  with  a  patch  of  clay,  or  silt  clay,  deposited  in 
the  lagoons,  behind  lines  of  beach  thrown  up  by  the  breakers. 

These  rivers  are  merely  mentioned  as  marked  examples.  An 
inspection  of  a  good  chart  of  the  Mediterranean  will  show  that 
there  are  many  others,  the  floods  in  which  only  bear  mud  and 
sands  into  it,  the  heavier  detritus  not  reaching  the  shores,  the 
fall  of  the  river  beds,  and  the  force  of  their  waters,  being  insuffi- 
cient. In  all  such  cases,  the  accumulations  would  be  mud  or 
clay  for  a  base,  with  an  arenaceous  top,  so  far  as  the  causes  we 
have  noticed  could  prevail.  It  will  be  obvious,  that  clay  may 
be  accumulating  in  the  depths  seaward,  while  sands  are  advanc- 
ing from  the  shore  towards  them,  so  that  if,  at  any  future 
geological  period,  the  whole  became  uplifted  above  the  level  of 
the  sea,  we  might  have  a  sheet  of  arenaceous  matter  covering 
another  of  clay,  the  parts  of  each,  though  continuous,  formed  at 
different  times,  and  portions  of  the  clay  equivalent  to  parts  of 
the  sand.     There  would  be  zones,  so  to  speak,  of  arenaceous 

Adriatic  washed  the  shores  of  Adria.  Secondly,  that  in  the  twelfth  century, 
before  a  passage  had  been  opened  for  the  Po  at  Ficarrolo,  on  its  left  or  northern 
bank,  the  shore  had  already  been  remoYed  to  the  distance  of  9000  or  10,000 
metres  (5^  to  6  miles)  from  Adria.  Thirdly,  that  the  extremities  of  the  promon- 
tories formed  by  the  two  principal  branches  of  the  Po,  before  the  excavation  of 
the  Taglio  di  Porto  Viro,  had  extended  by  the  year  1600,  or  in*400  years,  to  a 
medium  distance  of  18,500  metres  (about  11^  miles)  beyond  Adria;  giving  from 
the  year  1200  an  average  yearly  increase  of  the  alluvial  land  of  25  metres 
(82  feet).  Fourthly,  that  the  extreme  point  of  the  present  single  promontory, 
formed  by  the  alluvions  of  the  existing  branches,  is  advanced  to  between  32,000 
to  33,000  metres  (about  19|  to  20^  miles)  beyond  Adria;  whence  the  average 
yearly  progress  is  about  70  metres  (229^  feet)  during  the  last  200  yearsf  being  a 
greatly  more  rapid  proportion  than  in  former  times." — Cuvier,  Dis,  but  les  Kev, 
du  Globe. 

*It  should  be  remarked  that  there  are  also  calcareous  accumulations  at  the 
mouth  of  the  Rhone. 
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matter  corresponding  with  the  advance  of  the  coast,  and  not 
separated  from  the  common  sheet  of  that  of  which  it  forms  a 
part,  being  formed  at  the  same  time  with  a  layer  of  clay,  which 
a  prolongation  of  the  sandy  coating  would  cover  at  a  subsequent 
period. 

The  same  sea  fortunately  fiimishes  numerous  examples  of 
short  rivers,  with  rapid  falls  of  their  beds,  and  occasional  abun- 
dant supplies  of  water,  thrusting  pebbles  into  it.  The  effects 
produced  are  the  same  as  when  torrents  discharge  themselves 
into  lakes,  with  the  difference  that  the  muddy  part  of  waters 
flow  over  the  surface  of  the  sea,  the  sand  separating  from  it. 
According  to  the  depth  of  water,  and  this  is  sometimes  con- 
siderable, is  the  sand  accumulated;  if  &irly  deep,  the  sand 
falls  not  far  distant  from  the  coast,  while  the  pebbles  accu- 
mulate on  the  shore,  and  the  embouchure  of  the  river  is 
extended.  Though  the  general  bed  of  shingles  (the  upper 
part  acted  upon  by  the  breakers,  as  upon  any  other  shingle 
beach)  would  advance  as  a  whole,  with  an  even  upper  surface, 
the  accumulation  of  gravel  or  shingles  would  be  formed  by 
many  irregular  protrusions  produced  by  changes  in  the  direc- 
tion of  the  river's  mouth.  The  depth  being  favourable,  we 
should  expect,  under  such  conditions,  an  accumulation  of  the 
following  kind  (fig.  57),  a  a  being  a  section  of  the  land,  formed 

Fig.  57. 


f  f  a 

of  beds  of  rock  (represented  as  dipping  inland,  merely  to  sepa- 
rate them  clearly  from  the  other  deposits),  I  the  bed  of  the 
river,  bearing  down  pebbles,  sand,  and  mud  into  the  sea,  the 
level  of  which  is  shown  by  the  horizontal  line  e;  d  exhibits 
the  first  accumulation  of  pebbles  thrown  over  the  steep  shore, 
the  pebbles  falling  to  the  bottom,  and  the  sand  only  being 
deposited  in  a  regular  layer,  more  outwards ;  c  the  continua- 
tion of  the  sandy  layer  seaward ;  ff  the  mud  deposited  beyond 
the  sand,  and  continued  also ;  g  the  extension  of  the  pebbles 
over  the  sand,  at  some  given  time.    In  such  an  accumulation 
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we  should  expect  after  both  sand  and  gravel  had  overspread 
the  clay,  a  lower  deposit  of  clay,  above  this  another  of  sand, 
and  over  the  8and>  gravel ;  parts  of  the  gravel,  sand,  and  clay, 
notwithstanding  the  extension  of  each  layer  continuously  in 
the  manner  stated,  being  equivalent  to  each  other  in  age,  for 
the  reasons  before  assigned. 

Where  depths  were  less  considerable^  we  should  expect  an 
intermixture  of  the  gravel  and  sand  in  a  more  irregular  maoner, 
and  with  an  arrangement  depending  on  the  action  of  the  breakers 
upon  them ;  this  action  tending  to  pile  back  the  shingles,  as  a 
whole,  while  it  permitted  the  sandy  sediment  to  be  caught  up 
in  mechanical  suspension,  and  thus  it  might  be  carried  out- 
wards by  the  river  waters,  in  places  where  the  stream  of  these 
waters  could  be  felt  As  previously  observed,  the  finer  and 
mechanically  suspended  particles  would  be  borne  over  the 
surface  of  the  sea,  according  to  the  volume  and  velocity  of  the 
outpouring  river  waters,  eventually  forming  a  layer  of  mud  or 
clay  where  deposited.  It  will  be  obvious,  that  as  the  volume 
and  velocity'of  the  river  waters  varied,  so  would  be  their  power 
to  carry  outwards,  beyond  the  influence  of  the  breakers,  me- 
chanically suspended  matter  of  difierent  volume  and  weight, 
and  hence  that,  within  a  certain  range,  there  might  be  mixed 
layers  of  sand,  silt,  or  mud,  according  to  circumstances. 

Not  only  do  the  rivers  thus  contribute  matter,  borne  down  by 
them  to  the  shores,  to  be  there  arranged  by  the  breakers,  or 
thrust  out  into  the  sea  and  deposited  in  it,  but  every  river 
also  bears  down  some  matter  in  chemical  solution,  to  be  added 
to  the  solutions  present  in  the  seas.  In  tideless  seas,  each  river 
sends  down  its  solutions  into  water  which  may,  to  a  great 
extent  be  considered  stagnant,  so  that  at  the  embouchures  of 
the  rivers  the  substances  so  borne  dovm  prevail  within  dis- 
tances to  which  the  river  waters  may  act  In  many  localities 
around  the  Mediterranean,  the  river  waters  transport  large 
quantities  of  bi-carbonate  of  lime  in  solution.  While  we  may 
consider  that  much  of  this  substance  is  consumed  by  fish,  crus- 
taceans, and  molluscs,  for  their  harder  parts,  there  is  probably 
a  large  surplus  which  eventually  takes  the  form  of  calcareous 
accumulations  beneath  the  sea.      The  rivers  which  transport 
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bicarbonate  of  lime  abundantly  would,  when  in  flood,  probably 
also  carry  forward  sedimentary  matter,  so  that  at  the  mouths 
of  such  rivers  we  might  have  alternate  times,  variable  pro- 
bably in  duration,  when  the  rivers  were  clear  and  carried 
forward,  as  compared  with  the  volume  of  water,  a  large  pro- 
portion of  bi-carbonate  of  lime>  and  when  this  substance 
bore  a  far  less  proportion  to  the  volume  of  water,  while 
fine  detritus  was  abundant.  Under  such  conditions  we  should 
have  alternately  layers  of  mud  and  calcareous  matter,  or  mud 
more  calcareous  at  one  time  than  at  another,  so  that  eventually 
the  calcareous  matter  might  tend  to  separate  into  nodules, 
and  in  lines  corresponding  to  the  times  when  it  was  most  abun- 
dantly thrown  out  of  the  rivers.  In  like  manner  we  might 
have  sulphate  of  lime^  commonly  enough  in  solution  in  some 
rivers,  mingled  with  the  mud,  and  eventually  crystallizing  out 
as  selenite,  a  mineral  so  frequently  discovered  in  various  clay 
beds.  Many  other  combinations  of  different  substances^  some 
in  solution,  others  mechanically  suspended,  and  borne  down  by 
the  same  rivers,  will  readily  present  themselves  to  the  mind  of 
the  observer,  and  suggest  attention  to  the  conditions  under 
which  both  are  carried  out  into  tideless  seas. 

When  considering  deposits  in  tideless  seas,  we  must  not 
forget  those  resulting  from  the  fall  of  ashes  and  lapilli,  thrown 
out  from  volcanos.  The  Mediterranean  may  fortunately  be 
considered  with  reference  to  this  kind  of  accumulation  also,  as 
there  are  volcanos  in  action  in  it,  and  on  its  shores.  The 
great  eruption  in  79,  which  not  only  overwhelmed  Hercula- 
neum  with  lava,  but  showered  ashes  in  such  provision  upon 
Pompeii  as  to  bury  that  town,  could  not  fail  to  have  thrown  a 
large  amount  of  ashes  and  lapilli  into  the  sea ;  and  consider- 
ing the  distances  to  which  ashes  are  knovm  to  have  travelled 
from  volcanic  vents,  the  ashes  at  least  may  have  been  widely 
spread.  It  will  be  obvious  that  whatever  kinds  of  sediment- 
ary accumulations  they  subsided  upon  through  the  sea,  the 
ashes  would  mingle  with  them,  coating  over  such  deposits 
where  tranquillity  reigned,  either  from  the  depth  of  water  or 
other  causes,  with  a  layer  of  ash.  Where  the  action  of  waves 
on  the  bottom,  or  of  breakers  on  the  coasts,  could  be  felt,  in 
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whatever  tranquil  state  the  ashes  may  have  fallen  originally  to 
the  bottom,  they  would  be  mixed  up  with  the  mud,  sand,  or 
pebbles,  as  the  case  might  be,  when  thus  acted  upon,  so  that 
the  particles  of  the  ash  would  be  disseminated  among  them. 
All  rivers  upon  which  the  ashes  fell  would  probably  bear  much 
of  them  outwards  in  mechanical  suspension,  for  the  fine  matter 
which  can  be  upborne  and  be  carried  by  the  winds  to  great 
distances  would  not  readily  subside  through  the  river  waters. 

Under  this  view,  the  deeper  parts  of  the  Mediterranean, 
and  especially  those  to  which  other  sedimentary  matter  could 
not  be  carried  by  the  movement  of  sea  currents,  or  the  drift 
of  river  waters  outwards,  would  be  those  where  the  layers  of 
ash  would  be  most  unmixed  with  other  matter,  excepting  as 
regards  the  deposit  of  any  substances  from  chemical  solution 
in  the  sea,  and  to  which  its  great  tranquillity  may  be  favour- 
able. We  do  not  know  the  depths  at  which  calcareous  accu- 
mulations may  now  be  forming  in  the  Mediterranean,  but 
whether  in  shallow  or  deep  situations,  any  ashes  falling  upon 
them  would  either  accumulate  in  layers,  or  be  mingled  up  with 
the  limestone,  according  to  the  rapidity  with  which  the  one 
may  subside,  or  the  calcareous  matter  be  deposited. 

*Not  only  are  there  volcanos  on  the  borders  of  this  sea,  of 
the  magnitude  of  Etna  and  Vesuvius,  throwing  out  ashes  and 
lapilli,  but  we  have  had  evidence  in  our  times,  so  lately  as 
1831,  of  the  uprise  of  a  volcano  through  the  sea,*  between 
Fantellaria  and  the  coast  of  Sicily,  and  from  deep  water.f 
Columns  of  black  matter  are  described  as  being  thrown  out  of 
the  crater,  to  the  height  of  three  or  four  thousand  feet,  spread- 
ing out  widely  even  to  windward.     The  upper  part,  above  the 

*  To  the  island  thus  fonned  Uie  yarioas  names  of  Sciacca,  Julia,  Hotham, 
Grahanii  and  Corrao  were  given.  Dr.  Davy,  who  -visited  this  Yolcanic  island 
on  the  5th  August,  1831,  has  giyen  a  detailed  account  of  it  in  the  Phil.  Trans, 
for  1832.  M.  C.  Provost  was  charged  by  the  Academy  of  Sciences  of  Paris  to 
yisit  and  report  upon  it.  He  reached  the  island  on  the  28th  September  of  the 
same  year.  It  was  then  about  2300  feet  in  drcnm&rence,  with  two  elerations, 
from  100  to  200  feet  high,  on  different  sides  of  the  crater,  the  latter  filled  with 
boiling  water. 

t  Captain  Smyth  proved  (Phil.  Trans.  1832)  that  the  volcano  did  not  rise 
from  the  Adventure  Bank,  as  was  first  supposed,  but  to  the  westward  of  it,  and 
from  deep  water. 
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sea  at  least,  seemed  to  have  been  solely  composed  of  ashes, 
cinders,  and  fragments  of  stone,  commonly  small.  Among 
these,  fragments  of  limestone  and  dolomite,  with  one  several 
pounds  in  weight,  of  sandstone,  were  observed,  appearing  to 
show  that  the  volcanic  forces  had  broken  them  off  beds  of 
these  kinds  of  rock,  when  the  igneous  matter  had  been  pro- 
pelled through  them. 

An  island  so  constituted,  could  not  long  resist  the  destruc- 
tive action  of  the  breakers,  and  thus,  as  soon  as  the  supply  of 
ashes,  dnders,  and  fragments  of  rock  ceased,  it  was  cut  away 
by  them,  and  reduced  to  a  shoal.  During  the  time  that  this 
volcanic  mass  was  accumulating,  a  large  amount  of  ashes  and 
cinders  must  have  been  mingled  with  the  adjacent  sea  before 
it  reached  its  surfeice,  and  no  slight  amount  would  be  distri- 
buted around,  when  ashes  and  cinders  could  be  vomited  into 
the  air.  Add  to  this  the  quantity  caught  up  in  mechanical 
suspension  by  the  breakers,  and  there  would  be  no  small 
amount  to  be  accumulated  over  any  deposits  forming,  or 
formed  on  the  bottom  around  this  locality,  and  out  of  the 
reach  of  any  lava  currents  which  might  have  flowed  beneath 
the  level  of  the  sea.  The  breakers  while  they  removed  the 
lighter  substances  would,  as  it  were,  so  sift  the  whole  that  the 
heavier  fragments  would  gradually  subside  to  lower  levels, 
and  eventually  beneath  the  action  of  seas  breaking  above, 
or  simply  moving  the  bottom  during  very  heavy  weather. 
Finally,  there  would  be  a  collection  of  fragments,  cemented 
by  ash  and  cinders,  in  which  there  would  not  only  be  pieces  of 
igneous  rocks,  but  of  limestone,  dolomite,  and  sandstone  also, 
for  we  are  not  to  suppose  that  the  pieces  found  accidentally  on 
the  surface  were  those  alone  thrown  out  of  the  crater. 

Thus,  then,  in  the  Mediterranean  a  very  complicated  series 
of  contemporaneous  accumulations  is  now  in  progress,  its  un* 
even  bottom*  being  variably  covered,  according  to  conditions. 


*  In  ooDsidering  the  deposits  now  taking  place  in  this  sea,  -we  should  bear  in 
mind  that  it  is  divided  into  two  chief  basins  (see  Captain  Smyth's  charts)  by  a 
winding  shoal,  the  Skerki,  connecting  Sicily  with  the  coast  of  Africa.  The  mn 
of  soandings  npon  this  shoal,  proceeding  from  the  African  to  the  Sicilian  coast, 
gives  34,  48,  50,  38,  74, 20,70,  52,  91.  16»  15,  32,  7, 32, 48, 84, 54,  70,  72, 38,  55, 


I 

I 
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by  the  matter  brought  into  it  either  in  solution  or  mechanical 
suspension  by  rivers ;  eroded  from  its  shores  by  the  action  of 
the  breakers,  or  ejected  by  yolcanos,  the  whole,  excepting 
lava  currents  or  large  sudden  accumulations  of  ashes  and 
dnders,  more  or  less  mingled  with  the  remains  of  organic  life, 
these  remains  themselves  sometimes  sufficient  to  form  long  con«- 
tinued  layers  or  beds. 

Though,  for  convenience,  the  Mediterranean  has  been  treated 
as  a  tideless  sea  and  without  motion,  this  is  not  strictly  correct, 
inasmuch  as  small  tides  are  felt  in  it,  and  currents  are  found. 
Indeed,  as  respects  the  latter,  when  powerful  winds,  by  their 
friction^  force  the  surface  waters  in  some  given  direction  for 
the  time,  well  seen  when  driven  against  any  part  of  the  boun- 
dary coasts,*  the  movement  is  then  sufficient  to  carry  any 
substances,  mechanically  suspended,  to  distances  proportionate 
ta  the  power  and  continuance  of  the  winds.  When  these  waters 
again  come  to  a  state  of  repose,  the  return  action  will  be 
similar.  There  are  also  currents  in  the  Mediterranean,  such 
as  that  out  of  the  Black  Sea  into  it  through  the  Sea  of  Mar- 
mora, and  the  current  at  the  Straits  of  Gibraltar,  which  sets  in 
from  the  Atlantic,!  the  latter  modified,  however,  by  the  tides  as 
respects  the  African  and  European  shores  of  the  Straits.^:  The 


and  13  fathoms,  whence  its  inequalities  may  be  seen.  There  are  somidings  in 
140, 157,  and  260  fiithoms  on  other  side,  and  places  where  bottom  has  not  been 
reached  -with  190  and  230  fkthoms  of  line. 

*  An  obsenrer  may  often  have  opportunities  in  the  ports  of  the  Mediterranean 
of  seeing  the  rise  or  depression,  as  the  case  may  be,  of  the  sea,  according  as  the 
winds  at  the  time  may  be  blowing  with  strength  off  or  on  shore.  Canals  fre- 
quently afford  good  opportunities  of  observing  this  kind  of  action  of  wind  on 
water ;  for  the  canal  levels,  in  still  weather,  being  accurately  known,  it  becomes 
easy  to  see  how  much  these  waters  are  raised  or  depressed  as  the  winds  may 
press  them  in  one  direction  or  another.  Mr.  Smeaton  found  that  in  a  canal,  four 
miles  in  length,  the  water  was  kept  up  frar  inches  higher  at  one  end  than  at  the 
other,  by  the  action  of  the  wind  along  the  canal.  The  Caspian  Sea  is  several 
ibet  higher,  at  either  end,  according  as  a  strong  northerly  or  southerly  wind 
may  prevail. 

t  Both  these  currents  have  been  attributed  to  the  evaporation  of  the  surfhoe 
waters  of  the  Mediterranean,  that  sea  not  receiving  a  sufficient  equivalent  from 
the  discharge  of  rivers  into  it,  or  the  iaU  of  rain  upon  it,  so  that  the  Black  Sea 
furmshes  waters  on  the  one  ride  and  the  Atlantic  on  the  other,  in  order  to  keep 
it  at  the  height  required. 

{  M  On  the  European  Ade,  west  of  the  island  of  Tarifa,  it  is  high  water  at 
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current  from  the  Atlantic  is  described  as  setting  eastward  into 
the  Mediterranean  at  the  rate  of  about  11  miles  in  24  hours, 
passing  along  the  African  shore,  and  being  felt  at  Tripoli  and 
the  island  of  Galitta.*  An  eastern  current  flows  between 
Egypt  and  Candia,  and  at  Alexandria.  Arrived  at  the  coast 
of  Syria  it  turns  northwards,  and  then  advances  between  Cyprus 
and  the  coast  of  Karamania.  Such  currents  would  necessarily 
aid  in  transporting  matter  both  in  solution  and  mechanical 
suspension,  the  last-mentioned  current  especially  acting  on 
that  brought  down  by  the  Nile. 

From  the  lower  specific  gravity  of  the  water  in  the  Black 
Sea  (p.  17),  the  fine  detritus,  borne  into  it  by  the  waters  of 
the  Don,  Dnieper,  Dniester,  and  Danube,  would  be  carried 
less  distances,  comparatively,  over  the  saline  waters  than  those 
of  the  Nile,  Po,  and  Rhone  over  the  Mediterranean,  while 
from  the  same  cause,  supposing  an  equal  force  of  wind  to  act 
upon  both  seas,  any  continued  suspension  of  that  matter  which 
might  be  due  to  t^e  agitation  of  waves,  would  be  greater  in 
the  Black  Sea  than  in  the  Mediterranean,  the  waters  of  the 
former  ofiering  less  resistance  to  the  wind  from  their  inferior 
specific  gravity.f  In  the  Baltic  the  specific  gravity  is  still 
less  (p.  17),  and  therefore  the  deposit  of  detritus  borne  down 

11^  bat  the  stream  -without  oontinues  to  ran  2*^.  On  the  opposite  shore  of 
Afirica,  it  is  high  water  at  10^,  and  the  stream  withoat  continaes  to  ran  until  l**; 
after  which  periods  it  changes  on  either  side,  and  runs  eastward  with  the  general 
oarrent  Near  the  shore  are  many  changes,  counter  currents,  and  whirlpools, 
cansed  by  and  yarying  with  the  winds.  Near  Malaga  the  stream  runs  along 
diore  about  eight  hours  each  way.  The  flood  sets  to  the  westward." — Purdy, 
Atlamtic  Memoir,    The  tide  rises  three  feet  at  Malaga. 

*  An  under  and  counter  current  has  been  considered  to  set  westward,  but  of 
late  this  has  been  doubted.  Howerer  this  maybe,  Admiral  Beaufort  has  shown, 
while  noting  the  current  which  flows  westward  from  Syria  to  the  Archipelago, 
that  "counter  currents,  or  those  which  return  beneath  tiie  eurfyuoe  of  the  water, 
are  also  very  remarkable.  In  some  parts  of  the  Archipelago  they  are  sometimes 
so  strong  as  to  prevent  the  steering  of  the  ship  ;  and  in  one  instance,  on  sinking 
the  lead,  when  the  sea  was  calm  and  dear,  with  shreds  of  bunting  of  yarions 
eolours  attached  at  eyery  yard  of  the  line,  they  pointed  in  difierent  directions  aU 
round  the  compass." — Beaufort's  Karamania. 

I  From  the  relatively  smaU  amount  of  salt  contained  in  the  Black  Sea  waters, 
the  shaUower  parts  are  sometimes  frozen.  The  Sea  of  Azof,  into  which  the  Don 
discharges  itieli^  is  represented  to  be  fix>zen  over  daring  three  or  £>ur  months  of 
the  year. 

n.   9 
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the  rivers  discharging  themselves  into  it,  would  still  further 
approximate  towards  that  observable  in  fresh-water  lakes. 
Like  most  lakes,  also,  the  Black  and  Baltic  seas  have  outflow- 
ing currents,*  so  that  the  evaporation  on  their  surface  is  not 
equal  to  the  fresh  water  discharged  into  them.f 

Supposing  no  counter  and  constant  currents  bringing  in  salt 
water  from  the  Mediterranean  to  the  Black  Sea,  and  from  the 
German  Ocean  to  the  Baltic,  and  that  the  discharged  waters 
from  both  seas,  carry  off  the  average  saline  waters  of  each, 
these  seas  would  gradually  become  less  saline  in  proportion  to 
the  different  amount  of  salts  in  solution  carried  out  to  the  ad- 
joining seas,  and  those  brought  in  by  the  rivers  discharged  into 
them*!  Upon  this  view,  therefore,  both  the  Baltic  and  Black 
Seas  may  at  previous  periods  have  been  more  saline  than  at 
present  Considering,  as  geological  evidence  would  lead  us  to 
infer,  that  the  area  now  covered  by  the  Caspian  and  that  occu- 
pied by  the  Black  Sea,  were  once  beneath  a  common  sea,  changes 
in  geological  time  having  separated  them  as  now  found.  In 
the  Caspian  we  should  have  evaporation  sufficient  to  overpower 
the  influence  of  the  fresh  water  poured  in  by  the  Volga,  Ural, 
and  the  minor  rivers,  while  in  the  Black  Sea  the  supply  of 
fresh  water  is  beyond  the  evaporation.  Hence  the  Caspian 
remains  a  salt  lake,  while  the  Black  Sea  may  be  gradually 
becoming  more  and  more  a  fresh-water  lake,  the  Caspian  not 
only  retaining  its  original  saline  contents,  but  becoming  more 

*  The  velocity  of  the  current,  in  the  narrowest  part  of  the  Sound  (Baltic),  is 
about  three  miles  per  hour ;  but  the  ordinary  general  rate,  in  fine  weather,  is 
about  a  mile  and  a  half  or  two  miles.  The  current  flowing  from  the  Black  Sea 
runs  commonly,  in  the  Thracian  Bosphoms,  from  three  to  five  miles  per  hour, 
according  to  the  direction  and  force  of  the  winds. 

t  Strong  opposing  winds  force  back  the  current  out  of  the  Baltic,  and,  if  suffi- 
cienUy  long  continued,  wiU  raise  the  level  of  that  sea. 

I  In  equal  weights  (3  lbs.)  of  water  taken  from  the  East  Friesland  coast,  and 
from  Rostock  in  the  Baltic,  the  following  proportional  differences  in  saline  con- 
tents were  found : — 

Gennan  Oeeui.      Baltic. 
Chloride  of  sodium    ....     .522  263 

Muriate  of  magnesia .     .     .     .     198*5  111 

Sulphate  of  lime 28  12 

Sulphate  of  soda I '3  1 

Besidne      •••••••        1*5  1 
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saline  if  either  the  salts  brought  down  by  the  rivers  are  beyond 
any  deporit  which  may  dispose  of  them,  or  the  evaporation  be 
greater  than  the  supply  of  water  from  the  Volga,  Ural  or  laik, 
and  minor  streams.*  Upon  such  an  hypothesis,  though  at  first 
the  deposits  in  each  would  be  under  the  same  conditions,  these 
would  gradually  change  as  regards  effects  arising  from  the 
increasing  difference  in  the  specific  gravities  of  the  respective 

waters.f 

Although  ice  may  form  in  the  shallow  bays  of  the  Black 
Sea,  and  the  branch  known  as  the  Sea  of  Azof  be  often  frozen 
over  in  the  winter  months,  so  that  ice,  floating  away  from  the 
coasts,  may  be  the  means  of  conveying  fragments  of  rock  and 
pebbles  into  situations,  to  which  they  would  not  be  otherwise 
transported,  the  ice  in  the  Baltic,  from  the  geographical  position 
of  that  sea,  is  a  means  of  adding  to  deposits  in  it  of  a  more 
important  kind.  According  to  particularly  severe  seasons,  are 
the  more  marked  instances  of  extensive  sheets  of  ice  over  parts 
of  this  sea,  and  cases  are  recorded  where  great  distances  could 
be,  and  were  traversed  by  travellers  under  extraordinary  con- 
ditions. Large  areas  are  commonly  frozen  for  nearly  three 
months  in  the  year,  the  ice  on  the  south  commonly  breaking 
up  in  April,  while  in  the  Gulfs  of  Bothnia  and  Finland  it  may 
continue  until  the  middle  of  May.  Though  the  Baltic  may 
be,  as  regards  the  ordinary  acceptation  of  the  term,  tideless, 
it  is  neverless  liable  to  those  local  changes  of  level  which  are 
due  to  the  pressure  of  powerful  winds  blowing  for  a  time  from 
particular  points,  and  it  is  described  as  often  vexed  by  such 
winds.  Ice,  therefore,  around  the  shores  of  its  numerous  islets 
and  uneven  coasts,  may  often  be  broken  up,  particularly  to- 
wards the  warmer  weather,  with  shingles  from  the  shore,  and 


*  There  it  considered  to  be  good  evidence  of  the  Caspian  having  stood  at 
lugher  levels  than  at  present,  those  more  corresponding  with  the  actoal  level  of 
the  Black  Sea,  beneath  which  the  surface  of  the  Caspian  is  now  81  '4  feet. 

f  A  peculiar  bitter  taste  observable  in  the  Caspian  waters  is  attributed  to  the 
presence  of  naphtha,  which  abounds  in  spme  localities  on  its  shores.  The  basin 
of  the  Casinan  appears  of  very  unequal  depth,  this  varying  from  the  steep 
coast  extending  from  the  Balkan  Bay  to  that  of  Mertro'i  Kultyuk — off  which  a 
line  of  450  fiithoms  does  not  reach  the  bottom  in  some  places — to  long-continued, 
very  shaUow  shores  in  others. 
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iailen  fragments  from  the  clifl^  in  and  upon  it,  and  be  transported 
seaward,  the  shingles  and  pieces  of  rock  being  there  deposited, 
and  thus  adding  gravels  and  distributed  angular  fragments 
to  and  among  the  more  common  accumulations  formed  in 
this  sea,  the  depth  of  which  yaries  from  shallows,  backed  by 
marshes,  to  two  localities  on  the  south-east  where  the  line  ^ves 
respectively  110  and  115  fathoms.* 

The  Gulf  of  Mexico,  its  waters  forced  up  by  the  pressure 
acting  from  the  Atlantic  through  the  Caribbean  Sea,  may, 
for  geological  purposes,  be  considered  as  a  tideless  sea,  with, 
among  others,  a  great  river,  the  Mississippi,  delivering  matter 
in  solution  and  mechanically  suspended  into  it.  The  great 
movement  of  water  coming  round  the  Cape  of  Good  Hope 
from  the  Indian  Ocean,  and  considered  as  a  constant  current 
produced  by  the  trade  winds,  assisted  by  the  motion  of  the 
earth,  sets  from  the  Ethiopic  Sea,  united  with  an  equatorial  cur- 
rent of  the  Atlantic,  across  that  ocean,  against  the  West  Indian 
islands.  This  pressure  forces  a  constant  stream  of  water  into 
the  Mexican  Gulf,  by  the  western  side  of  the  Yucatan  Chan- 
nel, with  commonly  a  reflow  close  to  Cape  Antonio,  at  the  west 
extremity  of  Cuba.  Thus  pressed  up,  the  waters  escape  be- 
tween Cuba  and  the  Florida  reefe  in  the  current  known  as 
the  Gulf  Stream ;  t  so  that  the  waters  in  the  Gulf  of  Mexico 
form  a  kind  of  comparatively  tideless  sea,  in  which  depositB 
are  effected  much  as  in  the  Mediterranean.  Though  other 
rivers  throw  detritus  into  this  area,  collectively  of  much 
importance,  the  Mississippi  is  that,  by  its  additions  to  the  land, 
and  by  the  discharge  of  matter  mechanically  suspended  in  its 
waters,  which  is  the  most  important.  The  following  is  a  plan 
(fig.  59)  of  the  very  characteristic  advance  of  deposits  from 
this  river  into  the  waters  of  the  gulf. 

*  The  general  depth  has  been  estimated  at  60  fathoms. 

t  The  breadth,  length,  and  Telocity  of  this  long-celebrated  cnrrent  would 
appear  to  vary.  Winds  often  affect  it,  diminishing  its  breadth  and  augmenting 
its  Telocity,  or  augmenting  its  breadth  and  diminishing  its  velocity.  In  mid- 
channel,  on  the  meridian  of  the  Hayanna,  under  ordinary  drcumstances,  it  has 
a  Telocity  of  about  two  miles  and  a  half  per  hour.  Off  the  most  southern  parts 
of  Florida,  and  at  about  one-third  OTer  from  the  Florida  reefs,  it  runs  at  the  rate 
of  about  four  miles  per  hour. 


8EDIUBNT  IN  THE  OtTLF  OF  UEXICO. 
Fip.  59. 
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The  manner  in  which  the  main  channel  is  hounded  hy  lines  of 
bank,  rising  above  the  sea,  towards  its  final  outlet,  well  marks 
the  retardation  produced  by  the  friction  of  the  banks  as  they 
arise.  The  various  lakes,  with  the  cross  channels,  are  also 
highly  illustrative  of  this  order  of  accumulation. 

As  might  be  anticipated,  when  the  fall  of  the  Mississippi, 
during  its  greatest  floods,  is  estimated  at  only  one  inch  and  a 
half  in  a  mile  between  New  Orleans  and  the  sea,  a  distance  of 
about  100  miles ;  while,  when  its  waters  are  low,  the  fall  is 
scarcely  perceptible  for  the  same  distance ;  little  mineral  matter 
can  be  carried  seaward,  in  mechanical  suspension,  beyond  that 
which,  when  deposited,  would  form  mud  or  clay.  This  great 
river,  therefore,  now  throws  litde  other  mineral  matter  into  the 
Gulf  of  Mexico  than  the  component  parts  of  mud  and  clay, 
that  which  rises  by  accumulation  above  the  surface  of  the  sea 
being  liable  to  be  sifted  by  the  shore  waves,  the  finest  being, 
to  a  certain  extent,  separated  at  the  sea  level.  A  vast  mass  of 
this  fine  sediment  must  have  been  thrown  down,  and  is  now 
accumulating  in  the  Mexican  Sea ;  the  chief  addition  to  this 
mass  of  mud  or  clay,  independently  of  the  hard  remains  of  fish, 
crustaceans,  and  molluscs,  being  wood,  the  transport  of  which 
down  the  Mississippi  and  its  tributaries  is  most  abundant.  Not 
only  is  this  wood  arrested  in  its  progress  in  various  places,  or 
entangled  among  the  channels  of  the  delta,  but  much  of  it 
passes  out  seaward.  Millions  of  logs  and  trunks  of  trees  are 
transported  several  miles  outwards  during  floods,  so  that  it  be- 
comes difficult  to  navigate  among  them.* 

Distribiition  and  deposit  of  sedimentary  matter  in  tidal  seas. — 
Upon  the  coasts  of  the  continents  and  of  islands  amid  the  ocean 
waters,  not  only  is  there  a  rise  and  fall  of  the  sea-level  twice  in 
each  day,  but  the  river  waters  discharged  into  the  ocean  are, 
for  the  most  part,  ponded  back  by  each  rise  of  the  tide,  to  be 
let  loose  at  its  fall  with  so  much  of  the  sea  water  as  had  been 
forced  up  the  river  channels  during  the  flood  tide.  Here  we 
have  a  very  material  modification  of  the  discharge  of  matter, 
either  in  solution  or  mechanically  suspended  in  the  rivers,  as 
compared  with  its  delivery  into  tideless  seas  by  the  same  means. 
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Accordiog  to  the  varied  character  of  the  rivers  where  they  dis- 
charge themselves  into  tidal  seas ;  as  regards  the  greater  or  less 
amount  of  water  in  them  at  different  times ;  the  kind  of  coast 
at  their  embouchures ;  depth  of  water,  exposure  to  prevalent 
winds^  and  other  conditions ;  so,  no  doubt,  is  the  delivery  of 
these  waters  modified ;  but  in  all  they  are  exposed  to  checks 
from  the  rise  of  tide  at  their  mouths.  The  opposition  of  the 
sea  to  the  rivers  at  the  height  of  the  tide  necessarily  varies 
with  the  change  from  neap  to  spring  tides ;  the  amount  of  check 
which  the  sea  gives  to  the  outflow  of  the  fresh  water,  thus 
alternating,  on  the  minor  scale ;  though,  as  a  whole,  a  very 
constant  effect  is  produced,  the  greatest  resistance  being 
offered  at  the  heights  of  equinoxial  spring  tides. 

From  the  check  thus  given  to  the  discharge  of  waters  con- 
taining matter  in  mechanical  suspension,  or  pushed  forward  by 
rivers  in  their  channels,  there  is  a  tendency  to  form  accumula- 
tions across  the  course  of  rivers,  commonly  known  as  bars. 
Hiese,  the  observer  will  find  to  occur  variably,  according  as 
the  real  mouth  of  the  river  may  be  high  up  a  deep  branch  of 
the  sea  (or,  in  other  words,  where  the  sea  level  may  cut  high 
up  a  valley  or  depression,  which  thus  becomes  partly  sub- 
aerial,  partly  sub-marine),  or  be  situated  on  the  general 
unbroken  line  of  a  coast,  even,  perhaps,  protruding  beyond  it, 
into  shallow  water.  He  will  soon  perceive  that,  according  to 
such  conditions,  the  breakers  become  important  aids  in  the 
accumulation  of  bars ;  having  little  influence  high  up  an  arm 
of  the  sea,  particularly  where  the  channel  is  narrow,  but  assist* 
ing  most  materially  m  their  formation  when  acting  upon  an 
exposed  coast,  more  especially  if  the  mouths  of  the  rivers  be 
open  to  strong  and  prevalent  winds.  This  combination  of 
checks  given  to  waters  pushing  forward  and  carrying  detrital 
matter  in  mechanical  suspension,  and  of  breakers  striving  to 
thrust  back  again  that  matter  which  may  escape  seaward,  pro- 
duces bars  at  the  mouths  of  many  rivers,  alike  important  as 
regards  the  subject  under  consideration,  and  the  intercourse  of 
nations. 

The  effects  of  tidal  action  in,  for  the  time,  arresting  the  outflow 
of  rivers,  will  much  depend  upon  the  heights  which  the  tides,  on 
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according  to  the  obstacles  opposed  to  the  tidal  wave,  and  the 
form  of  the  shores  against  which  it  moves,  will  be  the  change 
of  sea  level  between  high  and  low  water.  In  the  open  ocean, 
where  the  tidal  wave  meets  with,  comparatively,  little  opposi- 
tion, we  find  the  difference  of  the  sea  level  at  high  and  low 
water  far  less  than  among  fiinnel-shaped  channels,  and  other 
&vourable  combinations  of  coast.  Thus,  while  among  the 
small  detached  islands  of  the  Pacific  Ocean  the  tides  rise  and 
fall  about  2  feet,  and  in  the  Atlantic  from  3  feet  at  St  Helena, 
and  4  to  6  feet  at  the  Cape  de  Verde  Islands,  to  8  or  9  feet  at 
Madeira,  the  equinoxial  spring-tides  in  the  Bay  of  Fundy  rise 
from  60  to  70  feet* 

An  observer  need  not  travel  from  the  shores  of  the  British 
Islands  to  study  the  dependence  of  the  rise  and  Ml  of  tide 
upon  local  conditions:  many  situations  will  aflford  him  the 
requisite  opportunities.  The  Bristol  Channel,  since  it  fiurly 
faces  the  tidal  wave  coming  from  the  Atlantic,  may  be  taken 
as  a  good  example  of  a  considerable  rise  of  tide  produced  by 
the  narrowing  of  an  arm  of  the  sea.  Though  strictly  not  an 
tmmodified  ocean  tide,  since  the  wave  has  to  pass  over  nearly 
300  miles  of  soundings,  within  the  edge  of  the  100  fathoms 
line,  before  it  strikes  the  Land's  End,  the  change  from  the  rise 
of  18  or  20  feet  at  St.  Ives,  Cornwall,  to  that  of  46  to  50  feet 
at  King  Road  (Bristol)  and  Chepstow,  is  striking ;  more  par^ 
ticularly  as  the  tides  of  30  feet  at  Lundy  Island,  and  36  feet 
at  Minehead,  show  this  rise  to  be  gradual.  From  the  increas- 
ing elevation  of  channel,  and  friction,  beyond  Chepstow  and 
King  Boad,  and  the  withdrawing  of  the  tidal  pressure  from 
behind  when  the  ebb  begins  seaward,  the  height  of  tide  soon 
decreases  up  the  Severn.  The  tidal  waters,  however,  so 
suddenly  check  the  discharge  of  the  river  waters,  that  the  latter 


*  A  glance  at  the  map  wiU  show  how  fitToarably  this  bay  is  situated  fbr 
receiving  a  body  of  flood  tide  driven  np  between  Cape  Cod  (Massaehnsetts),  and 
Cape  Sable  (Nova  Scotia),  and  forced  onwards  into  Chignecto  and  Mines  Bay. 
Though  there  is  a  very  considerable  bay  between  Gasp^  Bay  (Canada)  and  the 
North  Point  (Breton  Island),  on  the  north  of  the  narrow  isthmos  separating 
Nova  Sootia  from  New  Bmnswick,  neither  its  fornix  nor  the  set  of  tide  into  it, 
cause  a  rise  of  water  beyond  about  eight  feet  There  is,  therefore,  from  local 
causes,  a  difference  of  high  water,  on  either  side  of  this  narrow  isthmns»  of  aboat 
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are  as  suddenly  forced  back,  the  flood-tide  rushing  forwards 
in  a  great  wave,  commonly  termed  the  bore^  and  causing  an 
instant  rise  of  several  feet  in  the  lower  part  of  the  river,  gradu* 
ally  fining  off  to  the  termination  of  all  tidal  action  in  the 
Severn.* 

The  annexed  plan  (fig.  60)  will  illustrate  the  example  here 
given.     At  a  the  tidal  wave  begins  to  be  higher  than  in  the 

Fig.  60. 


J 


open  sea.  At  b  its  elevation  is  increased  from  the  decrease  of 
the  depth  and  breadth  of  the  channel ;  and  at  c,  from  similar 
causes,  the  height  of  tide  is  still  greater.  We  may  assume,  for 
illustration,  that  at  d  the  tidal  wave  becomes  most  elevated,  and 
that  afterwards,  towards  «,  from  the  absence  of  propelling  power 
behind,  from  the  actual  fall  of  water  on  the  ebb  towards  c,  4, 
and  a,  and  from  the  general  rise  of  the  channel,  the  tidal  wave 
becomes  less  and  less  felt,  until  at  /,  its  effect  entirely  ceases. 
The  hore  will  depend  upon  local  causes ;  but  under  the  con- 
ditions noticed,  the  sudden  check  of  the  outflowing  river,  and 
corresponding  sudden  rise  from  the  inflowing  flood-tide,  are  not 
unfrequent,  though  the  bore  may  not  always  be  sufficiently 
important  to  arrest  attention. 
The  Englbh  Channel  affords  us  another  good  example  of  a 

*  The  same  sndden  rash  of  the  flood,  oyerpowering  the  ebb  in  tidal  iiTen, 
is  observed  in  many  other  localities.  The  hore-wave  np  the  Ganges  is  described 
as  so  rapid,  that  it  scarcely  takes  four  hoars  passing  v\  a  distance  of  nearly 
seventy  mile^  sometimes  cansing  an  instantaneous  rise  of  five  &et  of  tide  at 
Calcutta,  and  the  boats  on  the  shore  on  which  it  breaks  taking  to  the  middle  of 
the  riyer  for  safety  on  its  approach.  A  considerable  bore-wave  is  stated  to  be 
observed  at  the  mouth  of  the  Maranon,  or  Amazons,  during  the  equinoxes.  The 
chief  wave  is  from  twelve  to  fifteen  feet  high,  followed  by  three  or  fbur  others. 
Its  advance  is  very  rapid,  and  its  coarse  is  stated  to  be  heard  at  the  distance  of 
two  leagues. 
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considerable  rifle  of  tide  produced  by  local  obstaclesy  and  the 
more  instructive,  as  this  rise  does  not  extend  across  to  the 
opposite  coast,  as  is  the  case  in  the  Bristol  Channel.  On  the 
French  nde,  the  land  of  the  Cotentin,  terminating  with  Cape 
La  Hogue,  and  the  islands  of  Aldemey,  Guernsey,  and  Jersey, 
with  the  multitude  of  isles,  islets,  and  rocks,  in  the  Bay  of 
St.  Malo,  oppose  a  direct  obstacle  to  the  progress  of  the  tidal 
wave  coming  firom  the  Atlantic,  while  the  English  coast  pre- 
sents no  such  obstacle.  In  consequence,  the  sea  level  at  high 
water  is  raised  higher  on  the  one  side  than  on  the  other ;  and 
while  the  tides  only  rise  13  feet  at  Lyme  Regis,  7  feet  in  Port- 
land Boad,  15  feet  at  Cowes,  and  18  feet  at  Beachy  Head,  the 
difference  of  high  and  low  water  is  45  feet  between  Jersey  and 
St.  Malo,  and  35  feet  at  Guernsey. 

Not  only  are  there  these  differences  in  the  rise  of  tide  from 
local  causes,  but  the  relative  direction  of  the  flood  and  ebb, 
with  their  consequent  currents,  also  vary  materially  in  some 
situations.  Thus,  at  the  Land's  End  the  flood-tide  runs  9 
hours  to  the  north,  and  the  ebb  3  hours  to  the  south ;  and 
numerous  other  modifications  of  the  same  kind,  where  the  times 
of  flood  and  ebb  are  different,  are  to  be  found  on  the  coasts  of 
the  British  Islands. 

As  regards  the  distribution  of  detritus  by  tidal  streams,  the 
direction  of  the  latter  will  not  only  be  foimd  to  change  consi- 
derably during  the  progress  of  the  flood  or  ebb,  as  the  case  may 
be,  off  many  parts  of  coasts,  but  the  ebb  very  frequently  com- 
mences on  shore,  while  a  flood-tide  is  continued  in  the  offing.* 

As  so  much,  not  due  to  the  friction  of  tidal  strean)s  on 
coasts  has  been  attributed  to  it,  instead  of  to  the  action  of  break- 
ers— a  destructive  action  more  particularly  felt  when  strong 
onshore  winds  and  high  tides  are  combined — it  would  be  well 
for  an  observer  to  study  the  velocity  and  transporting  power  of 
tidal  waters  on  the  sea-shore.  Those  who  dwell  on,  or  visit, 
the  coasts  of  the  British  Islands,  where,  fortunately,  so  many 


*  It  has  been  held  that  **  the  length  of  time  between  the  ehanges  of  tide  cm 
shore  and  the  stream  in  the  offing  is  in  proportion  to  the  strength  of  tiie  onnent 
and  the  distance  fkt>m  land ;  that  is,  the  stronger  the  current,  and  the  greater 
distance  that  corrent  is  from  the  land,  the  longer  it  wiU  run  after  the  change  on 
the  shore." — Purdift  Atlaniic  Memoir.    1829. 
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modifications  in  tidal  streams  may  be  more  or  less  easily  stu- 
died, will  soon  learn  properly  to  estimate  the  value  of  tidal 
friction  on  land. 

With  respect  to  the  tides  around  the  British  Islands,  those 
flowing  amid  the  Orkney  and  Shetland  Islands,  and  through 
the  Pentland  Frith,  between  the  mainland  of  Scotland  and  the 
former,  would  appear  to  be  among  the  strongest.  They  vary 
considerably  in  force,  according  as  they  are  neap  or  spring 
tides.  While  m  Stronsa  Frith  and  North  Ronaldsha  Frith 
the  former  only  run  at  the  rate  of  1^  mile  in  the  hour,  the 
latter  make  a  stream  of  5  miles  an  hour.  In  the  Pentland 
Frith,  the  spring-tides  are  stated  to  have  a  velocity  of  9  nautic 
miles  an  hour,  while  at  neap-tides  they  do  not  exceed  3  miles.* 

Bound  the  more  prominent  headlands,  the  tides,  as  we  might 
expect,  run  with  greater  velocity  than  in  the  bays  on  each  side 
of  which  they  project,  or  in  the  offing  outside.  The  tidal  wave 
striking  the  headlands,  and  rising  locally  from  this  opposition, 
escapes  round  to  the  next  bay,  thus  causing  an  accelerated 
stream  of  tide  for  a  short  distance.  The  friction  of  the  water 
on  the  land  is,  however,  commonly  sufficient  very  materially  to 
diminish  the  strength  of  the  stream  in  immediate  contact  with 
it;  so  that,  in  calm  weather,  when  the  force  of  the  tide  is 
neither  impeded  nor  accelerated  by  the  force  of  opposing  or 
&vouring  winds,  chaff  or  other  light  bodies  thrown  into  the 
sea  will  be  seen  to  pass  in  a  comparatively  slow  course  along 
shore,  while  a  strong  stream  of  tide  is  running  outside. 

How  little  friction  takes  place  in  such  situations  may  often 
be  well  seen  by  the  presence  of  a  coating  of  barnacles,  or  of 
sea-weeds,  even  upon  steep  headlands,  though  exposed  to  the 
action  of  breakers,  these  being,  off  such  deep-water  headlands, 
commonly  unaided  in  their  action  by  sand  or  gravel  in  mecha- 
nical suspension.  It  is  desirable  that  the  observer  should 
carefully  watch  the  shores  of  any  district  he  may  be  examining, 
with  respect  to  tidal  friction,  during  calm  weather,  and  from 
neap  to  spring  tides.     Except  in  the  most  exposed  situations, 

*  The  flood  tide  there  comes  from  the  north-west,  and  is  not  of  nnnsnal 
strength  until  it  meets  with  the  obstacles  of  these  islands  and  the  mainland. 
The  change  of  tide  sooner  on  shore  than  at  a  distance  from  it,  varies  according 
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he  may  perceive  bow  rarely  even  grains  of  sand,  mucb  less 
small  loose  shingle,  can  be  moved  by  any  stream  of  tide  in 
contact  with  the  coast. 

The  retarding  effect  of  friction  on  the  headlands  is  often 
well  exhibited  near  the  strong  streams  of  tide  off  them,  known 
as  races^  so  dangerous,  frequently,  when  opposed  to  powerful 
winds.  Though  the  tides  run  in  such  situations  with  the 
greatest  force  of  the  locality,  and  the  waters  are  thrown  about 
in  various  directions,  it  often  happens  that,  between  the  race 
and  the  headland,  there  is  more  quiet  water,  sufficiently  broad 
for  the  passage  of  a  boat  in  moderate  weather. 

Hdal  waters  rush  with  great  force  through  channels  formed 
between  the  boms  of  great  bays  and  islands  at  a  short  dis- 
tance from  them ;  such  is  the  case  with  the  horns  of  Cardigan 
Bay  and  of  St  Bride's  Bay  on  the  south  of  it,  as  shown  in  the 
following  plan  (fig.  61),  where  a  represents  Cardigan  Bay, 


Y\g,  61. 
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and  b  St.  Bride's  Bay.  Foul  rocky  ground  extends  from  the 
Smalls  light,  /,  to  Skomer  Island,  c ;  between  which  and 
the  mainland  there  is  an  exceedingly  strong  tide  sweeping 
dose  to  the  clifis.  Supposing  this  to  be  a  flood-tide,  its 
force  is  diminished  and  almost  lost  in  St.  Bride's  Bay,  b. 
This  bay  receives  the  flood-tide,  not  only  through  this  dian- 
nel,  but  also  directly  from  the  Atlantic;  its  flow  over  the 
fbul  ground  between  the  Smalls  Light  and  Grasholm,  and 
thence  to  Skomer,  being  marked  by  broken  water.  Part  of 
the  tide  driven  into  St.  Bride's  Bay  escapes  with  much  force 
between  the  mainland  and  Ramsay  Island,  and  round  the 
latter  and  the  rocks  and  islets  known  as  the  Bishop  and  his 
Clerks,  d^  into  Cardigan  Bay.  The  latter  also  receives  an  abun- 
dant supply  of  the  tidal  wave  direct  from  the  Atlantic ;  and 
the  flood  passes  with  great  strength  between  its  northern  horn 
and  Bardsey  Island^  e. 

In  the  three  chief  channels  noticed,  no  doubt  little  compara- 
tively fine  sedimentary  matter  could  rest  in  the  run  of  such 
tides,  andeny  that  might  be  thrown  down  by  the  eddies  of  one 
tide  would  probably  be  removed  by  the  reverse  action  of  the 
other ;  but  these  effects  would  be  very  local.  That  hard  rocks 
readily  resist  such  friction  is  well  shown  in  the  localities  men- 
ti<med,  barnacles  and  sea-weeds  being  commonly  discovered  on 
the  sides  of  the  channels  at  low  water. 

It  will  be  at  once  perceived  that  the  flood  tide  passing  up 
rivers  would  act  very  differently,  according  as  the  channels  were 
oontimied  deep  outwards,  or  crossed  by  bars  accumulated  at 
their  mouths.  In  the  former  case,  the  sea  waters  being  specifi- 
cally heavier  than  the  river  waters,  as  it  were,  wedge  up  the 
latter,  discharging  outwards,  until  the  levels  have  been  so 
changed  that  the  whole  body  of  tidal  water  is  driven  inland,  fore- 
mgand  ponding  back  the  fresh  water.*  In  the  more  favourable 

•  The  pMsage  of  river  waters  oatwards  daring  freshets,  from  heavy  rains  in 
flie  tnlerior,  while  the  flood  tide  waters  are  flowing  beneath  in  a  contrary  direo- 
tlon,  may  occasionaUy  be  seen  weU  shown  when  large  vessels  are  at  anchor  in 
an  ertnary,  ai,  &r  initanoe,  in  the  Hamoase,  Plymoath,  and  they  ride  with  their 
heads  to  the  flood  tide,  being  snffldently  deep  in  the  water  to  be  influenced  by 
it,  while  maU  boats,  secured  alongside,  ride  with  their  heads  in  the  contrary 
the  oatflow  of  the  higher  and  fresh  water  alone  acting  upon  them. 
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situations  of  this  kind,  therefore,  where  great  floods  are  running 
down  a  river,  the  heavier  waters  of  the  first  of  the  flood-tide 
may  be  passing  up  the  river  while  the  lighter  waters  above  are 
running  outwsuxls.  In  bar  rivers  the  sea  waters  pour  over  the 
bars,  and,  if  the  channels  be  afterwards  shallow,  drive  the  river 
waters  at  once  before  them,  while,  if  behind  the  bar,  there  be 
water  of  much  greater  depth,  as  sometimes  happens,  the  heavier 
sea  waters  first  flow  into  the  basin  and  raise  the  waters  in  it, 
so  that  when  sufficiently  elevated  with  the  mcreasing  tide,  the 
whole  passes  up  the  river  with  the  flood  tide,  forcing  back  the 
fresh  water. 

Between  the  action  of  the  tide  in  such  rivers  as  the  St.  Law- 
rence,* with  its  open  estuary  or  arm  of  the  sea,  and  the  Ganges 
and  Quorra,  the  deltas  of  which  protrude  into  the  ocean,  the  one 
in  the  Bengal  Sea  and  the  other  in  the  Gulf  of  Guinea,  every 
modification  will  be  found  in  the  tidal  rivers  of  the  world. 
While  checked  by  the  flood  tide,  the  waters  of  estuaries  will  de- 
posit the  matter  they  may  hold  in  mechanical  suspension  as 
the  time  will  permit,  and  according  as  the  estuary  waters  may 
or  may  not  be  agitated  by  the  friction  of  the  winds. 

Slight  observation  is  sufficient  to  show  that  highly-discoloured 
water  is  commonly  found  in  estuaries,  and  that  this  is  borne 
upwards  and  downwards  by  the  tides,  escaping  seawards 
during  the  ebb  in  some  estuaries  in  one  direction,  while  the 
rivers  add  detrital  matter  to  these  bodies  of  water  in  others.  In 
estuaries  like  the  Severn,  at  the  head  of  the  Bristol  Channel, 
the  muddy  water  is  carried  backwards  and  forwards  with  such 
rapidity  that  it  is  only  in  the  sheltered  nooks  and  situations 
that  it  can  find  rest  sufficient  to  deposit  the  fine  sediment,  in- 
cluding among  them  the  shores  where  retardation  by  friction 
also  produces  a  sufficient  state  of  repose  during  the  tides.t 

*  The  St.  Lawrence  affords  a  good  example  of  the  greater  velocity  of  an  ebb 
over  a  flood  tide  in  an  estuary.  Where  the  ebb  firom  the  Sagaenay  unites  with 
that  of  the  St  Lawrence,  it  passes  outwards  with  considerable  strength,  and  is 
stated  to  run  seven  nautical  miles  per  hour  between  Apple  and  Basque  Isles. 
While  the  ebb  is  thus  strong,  the  stream  of  flood  tide  is  scarcely  perceptible. 

t  The  difference  of  the  friction  on  the  sides  of  these  estuaries,  where  mud  is 
deposited,  and  more  outwards  in  the  stream  of  tide,  is  commonly  weU  shown  by 
iie  sandy  bottom  under  the  latter,  the  friction  of  die  water  being  too  great  to 
permit  finer  sediment  to  remain  in  such  situations. 
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Many  minor  estuaries  round  the  coasts  of  the  British  Islands 
show  the  filling  up,  not  only  of  the  sheltered  places  on  their 
sides,  but  also  of  their  upper  parts,  where  detrital  matter  is 
gradually  accumulated.  If  the  course  of  the  river  has  not  been 
long  through  a  level  country,  the  deposits  at  the  heads  of  estu- 
aries may  even  be  gravelly,  while  mud  only  is  accumulated  in 
the  sheltered  localities.    If  the  annexed  plan  (fig.  62)  repre- 

Pig.  62. 


sent  one  of  these  estuaries,  then  it  will  usually  be  observed  that 
the  accumulation  at  the  head  c  is  more  gravelly  or  sandy,  par- 
ticularly in  its  lowest  parts,  than  in  the  sheltered  situations,  a 
and  b.  At  c  we  have  not  only  the  heavier  matter  thrown  down 
by  the  check  of  the  tide  there  felt,  but  also  all  the  detritus 
which  can  be  pushed  along  the  bottom  by  the  river  d^  during 
the  ebb  of  the  tidal  waters  introduced,  and  during  the  common 
discharge  of  the  river  water  when  the  tide  has  fallen,  a  com- 
bined time  in  some  localities  equal  to  nine  and  ten  hours  in  each 
twelve.  At  a  and  b  the  fine  sediment  is  commonly  accumulated 
to  the  level  of  the  highest  ordinary  spring  tides. 

In  estuaries  of  this  class  we  should  anticipate  that  there  would 
be  much  gain  of  land  where  the  discharging  rivers  entered 
them,  and,  accordingly,  in  such  situations  we  often  find  extensive 
marshes  and  flats,  which  would  justify  this  expectation,  even  if 
historical  evidence  could  not  be  adduced.  Of  such  evidence, 
however,  there  is  commonly  no  want,  and  the  heads  of  many 
estuaries  around  the  British  Islands,  and  along  the  ocean  coasts 
of  Europe,  are  known  to  have  become  more  shallow  and  even 
to  have  moved  further  outwards,  dry  land  supplying  the  place 
of  marshes  and  mud  banks,  within  historical  times.* 

*  These  changes  prodaoed,  independently  of  sea  banks  ndsed  to  keep  oat  th' 
tides. 
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The  mouthsof  the  Gatige8,exteDdiiigacroes  a  distance  of  about 
two  hundred  miles  (fig.  63),  fiiniisheB  us  with  the  discharge  of 
detrital  matter  into  a  tidal  sea  of  a  different  character.  Here 
the  abundance  of  the  outflowing  waters,  particularly  during 

Fig.  63. 


floods,  is  sufficient  to  carry  out  a  delta,  more  resembling  those 
observed  in  tideless  seas.  In  times  long  since  passed,  the  Ganges 
may  have  discharged  itself  into  an  estuary,  as  far  northerly  aa 
the  commencement  of  its  delta,  now  more  than  two  himdred 
miles  from  the  sea,  and  into  the  same  estuary,  the  Brahmaputra 
may  have  delivered  its  waters,  these  two  great  drains  of  land 
extending  to  the  Himalaya  mountaina  having  gradually  filled 
up  such  an  estuary,  by  depositing  the  matter  transported  me- 
chanically in,  or  swept  onwards  by  them,  Coarse  gravel  is  not 
forced  forward  by  the  Ganges  within  four  hundred  miles  of  its 
mouth,  so  that  the  sedimentary  matter  discharged  into  the  sea 
is  of  a  finer  character.  To  this  discharge,  both  by  friction  on 
the  bottom  and  in  mecbanical  suspension,  checks  are  offered  by 
the  tides ;  but  the  body  of  fresh  water  is  bo  considerable,  as 
compared  with  such  checks,  that  the  sedimentary  deposits 
ipidly  g^n  upon  the  sea,  notwithstanding  that  the  general 
pth  beyond  the  mouths  of  the  Ganges  is  by  no  means  incon- 
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siderable.  Innumerable  changes  in  the  direction  of  the  various 
streams  into  which  the  delta  is  divided  are  produced  inland.* 
The  course  of  this  river  is  described  as  affording  good  examples, 
on  the  great  scale,  of  the  alterations  of  channel,  from  the  ac- 
cumulation of  banks  upon  small  obstacles,  to  be  equally  well 
studied,  as  regards  general  principles,  in  hundreds  of  little 
streams.  Thus  a  tree  arrested  in  its  course  will  produce  an 
accumulation,  gradually  rising  into  an  island,  to  be  again  swept 
away  by  another  change  of  channel. 

The  great  body  of  fresh  water  discharged  by  the  Ganges  in 
floods  seems,  to  a  ^eat  extent,  to  overpower  the  influence  of  the 
tidal  wave,  so  that  detrital  matter  then  becomes  accumulated 
more  in  the  manner  of  the  Nile,  Rhone,  Volga,  and  other  great 
rivers,  discharging  themselves  into  tideless  seas.t  At  the 
junction  of  the  Ganges  and  Brahmaputra,  below  Luckipoor, 
there  is  a  large  gulf  in  which  the  water  is  scarcely  brackish, 
and  daring  the  rainy  season  tke  sea  is  stated  to  be  overflowed 
by  fresh  water  for  many  leagues  outwards. 

In  the  Quorra  we  have  an  example  of  a  similar  kind,  and  a 
vast  body  of  fresh  water  thrusts  out  a  delta  into  the  ocean.  The 
great  stream  of  water  is  checked,  not  overcome,  in  mid  channel, 
though  felt  between  30  and  40  miles  up  the  river.  In  this  river, 
and  in  many  other  tropical  rivers,  mangrove-trees  add  materially 
to  the  power  of  forming  new  land.|    Wherever  sufficient  sheltev 


*  Major  Rennel  states  that  during  the  eleven  years  he  remained  in  India, 
the  head  of  the  Jellinghy  river  -was  gradually  removed  three-quarters  of  a  mile 
further  down.  He  observes  also,  that  "  there  are  not  wanting  instances  of  a 
total  change  of  course  in  some  of  the  Bengal  rivers.  The  Cosa  (equal  to  the 
Rhine)  once  ran  by  Pumeah  and  joined  the  Ganges  opposite  Rajenal.  Its 
junction  is  now  nearly  forty-five  miles  further  up.  Gour,  the  ancient  capital 
of  Bengal,  once  stood  on  the  Ganges.'* — Phil.  Trans.  1781. 

t  The  amount  of  detrital  matter  borne  outwards  by  the  Ganges  has  been 
estimated  at  about  2}  per  cent,  and  the  average  discharge  of  water  at  500,000 
cubic  feet  per  second.--^  G2eant»^«  of  Science,  vol.  iii.  Calcutta,  1831.)  If  we 
take  the  quantity  at  2  per  cent,  and  consider  the  transported  matter  to  ^ve  15 
cubic  feet  to  the  ton,  we  should  obtain  57,600,000  tons  per  day,  equal  to  a  mass 
of  ordinary  granite,  having  a  base  of  1,000,000  square  feet,  rising  to  the  height 
of  864  feet 

X  Alluvial  land  is  described  as  forming  into  flat  islands,  covered  by  mangrove- 
trees  and  papyrus.     These  are  sometimes  so  acted  upon  by  floods  as  to  be  par 
tially  or  wholly  swept  into  the  ocean.    Professor  Smith  noticed  a  floating  ma^ 
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can  be  obtained,  they  establish  themselves  in  abundance ; 
their  stilt-Uke  roots  entangling  any  floating  substances  washed 
near  them ;  producing  a  repose  fit  for  the  deposit  of  the  finest 
sediment,  and  afibrding  shelter  to  an  abundance  of  reptiles,  fish, 
crustaceans,  and  molluscs,  which  seek  and  enjoy  the  protection 
they  afibrd. 

When  we  regard  the  sea-shores  of  the  world  exposed  to  tides, 
we  see  a  great  destructive  power  in  the  breakers,  as  a  whole  in 
ceaseless  action,  grinding  back  and  levelling  off  the  land,  and 
throwing  a  mass  of  matter  into  the  tides  sweeping  round  such 
shores,  which  mass,  added  to  that  thrust  out  of  the  rivers,  has 
to  be  distributed  by  the  streams  of  tide  and  such  ocean  currents 
as  can  receive  any  portion  of  it.  Great  rivers,  as  we  have 
seen,  may  transport  matter  in  mechanical  suspension  far  out- 
wards, particularly  when  swollen  by  floods,  and  thus  place  it 
within  tiie  distributing  influence  of  the  ocean  currents.  Through 
these  it  may  take  a  long  time  to  descend  into  the  quiet 
depths  where  it  can  find  a  rest  that  will  continue  undisturbed 
until,  perhaps,  'after  a  long  lapse  of  geolo^cal  time,  this  deposit 
may  be  upraised,  and  again  placed  within  the*  destructive  in- 
fluences of  the  atmosphere  and  surface  waters. 

When  detrital  matter  is  thrown  into  the  tides,  it  is  borne  to 
and  fro  by  them,  according  to  their  flow  and  ebb,  and  the  ob- 
server will  have  abundant  opportunities  of  seeing  on  the  coasts 
of  the  British  Islands,  and  on  the  ocean  shores  of  Europe,  that 
the  river  waters  when  swollen  by  rains,  bear  outwards  with  the 
ebb,  and  in  the  direction  that  it  takes  along  shore,  much  me- 
chanically suspended  detritus,  which  does  not  again  enter  the 
rivers  unless  under  very  favourable  circumstances.  As  a  whole, 
much  fine  detritus,  thus  derived,  is  carried  coastwise  by  the 
ebb,  and  accumulations  are  formed  of  it,  if  there  be  sufficient 
continued  repose  in  that  direction.  So  that  should  a  sheltering 
headland  run  out,  and  a  bay  be  formed  between  it  and  the 
embouchure  of  the  river,  there  is  a  tendency  to  deposit  the  finer 

probably  washed  out  of  the  Congo,  aboat  120  feet  long,  consisting  of  reeds 
resembling  the  Donax  and  a  species  of  Agrostis,  among  which  branches  of 
Juaticia  were  still  growing,  further  north  off  the  coast  of  Aftica. — Tuehmfa 
ExpedUvm  to  the  Zaire  or  Congo, 
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sediment  in  the  locality  bo  Bbeltered.     We  may  take  the  coast 
of  Swansea  aa  afibrding  an  easily  observed  instance  of  the 
separation  so  elected. 
Two  riyers,  a  and  b  (fig.  64),  the  Towey  and  the  Nedd 


(Neath),  when  in  flood,  bring  down  mnch  sedimentary  matter, 
the  finer  parts  of  which  are  carried  by  the  ebb  tide  (t,  t,  f)  towards 
the  bay  formed  between  Swansea  (c)  and  the  Muinbles((^.  Here 
finding  the  necessary  repose,  the  prevalent  winds  (u))  blovnng  from 
the  west  and  sontb-west,  a  part  is  deposited  and  mud  is  accumu- 
lated, the  remainder  of  the  detrital-bearing  waters,  escaping 
round  the  Mumble  Rocks  (e)  into  the  general  ebb  tide  passing 
westwards  down  the  Bristol  Channel.  While  this  happens  with 
the  finer  sediment,  the  areoaceotis  part  of  the  detritus  thrust 
out  of  the  river  is  more  quickly  thrown  down,  and  a  large  part  of 
it  becomes  acted  upon  by  the  breakers,  raised  by  the  prevalent 
winds,  and  is  forced  partly  into  mechanical  suspension  during 
heavy  gales,  and  then  borne  in  the  flood  tides,  and  partly 
brushed  onwards  by  the  waves,  breakbg  upon  much  flat  ground 
exposed  at  low  water,  towards  the  coast  to  the  eastward  (J",/)- 
Here  the  conditions  for  the  accumulation  of  sand-hills  obtain, 
and  the  overplus  of  arenaceous  sediment,  home  outwards  by 
the  Towey  and  Nedd,  and  not  retained  by  the  sea,  is  blown  by 
the  winds  upon  the  dry  land.  In  this  locality,  therefore,  the 
river-bome  detritus,  thrown  into  the  tides,  becomes  in  a  grea 
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measure  separated,  mud  being  chiefly  accumulated  in  one  direc- 
tion, sand  in  another,  a  surplus  of  the  latter  being  restored  to 
the  land. 

Though  there  is  a  tendency  to  accumulate  the  finer  river- 
borne  detritus  in  the  direction  of  the  ebb  tides,  this  is  oflbn  met 
by  conditions  so  unfavourable  to  such  a  deposit  that  the  finer 
matter  does  not  there  come  to  rest,  but  is  gradually  transported 
outwards  to  sea,  and  may  thus  be  brought  by  tidal  streams  even 
within  the  influence  of  ocean  currents.  On  a  shallow  coast 
the  breakers  alone,  when  they  can  act  equally  in  the  direction 
of  the  ebb  and  of  the  flood  tide,  prevent  the  accumulation  of 
the  finer  sediment  which,  in  consequence,  can  only  find  rest  by 
being  carried  outwards  into  water  of  the  needful  depth  and 
tranquillity. 

The  abrasion  of  coasts  by  breakers  being  the  same,  whether 
the  tide  be  setting  in  one  direction  or  another,  as  flood  or  ebb, 
the  finer  matter  is  carried  in  mechanical  suspension  equally  by 
the  stream  of  either  along  the  coasts,  finding  rest  in  the  situ- 
ations where  conditions  are  favourable,  even  entering  estuaries 
by  the  flood  tide,  when  such  estuaries  occur  in  the  line  of  its 
course,  the  indraught,  on  the  flood,  carrying  it  in  with  the  tide. 
As  we  have  seen  (p.  62),  the  heavier  parts,  such  as  shingles 
and  small  pebbles,  are  distributed  along  shore,  and  the 
arenaceous  portions,  sometimes  on  the  coast,  sometimes  more 
seaward,  according  to  circumstances. 

The  agitation  of  the  sea  is  felt  at  diflerent  depths  in  pro- 
portion to  the  magnitude  of  the  waves  raised  by  the  friction  of 
the  wind.  During  heavy  gales  of  wind,  the  depth  at  which 
this  agitation  has  been  observed,  sufficient,  as  it  were,  to  shake 
up  fine  sediment  enough  to  discolour  the  water,  is  about  90 
feet*  The  disturbing  effects  of  waves  in  minor  deptlis  is  often 
well  shown  on  shallow  sandy  coasts  by  the  throwing  on  shore  of 
many  molluscs  in  a  living  state,  known  to  inhabit  the  sands  at 
moderate  depths.  By  the  agitation  of  the  sea  their  sandy 
covering  is  removed,  and  they  are  swept  onwards  beyond  their 


*  The  depth  at  which  the  dUtarbing  action  of  a  sea-wave  can  be  felt  has 
?en  estimated  even  so  high  as  500  feet  on  the  Banks  of  Newfoundland.  Emy^ 
louvemaU  des  Ondet,  1831,  p.  11. 


SEDIMENT  IN  TIDAL  SEAS.  103 

powers  to  retain  their  position  at  the  bottom,  and  thus  become 
finally  thrown  out  upon  the  coast. 

Beddes  the  waves  seen  to  arise  on  the  spot  from  the  action 
of  the  winds,  the  great  indulations  which  are  known  as  swells 
and  rollers  (so  common  on  ocean  shores,  and  due  to  the  friction 
of  winds  out  at  sea  which  do  not  reach  the  land)  disturb  the 
sea  bottom  to  a  considerable  extent,  so  that,  both  heavy  seas 
and  swells  combined,  the  finer  sediment  becomes  removed  from 
all  but  favourable  situations  outwards,  and  the  sands  are  dis- 
tributed off  the  coasts,  outside  the  accumulations  fringing 
them,  and  due  to  the  action  of  the  breakers. 

The  flow  and  ebb  of  the  tides  produce  a  motion  tending  to 
smooth  out  and  flatten  the  accumulation  of  detrital  matter 
deposited  on  the  sea  bottom  within  their  influence.  The 
smoothing  action  no  doubt  varies  with  the  strength  of  the  tides, 
as  these  may  be  springs  or  neaps,  so  that  matter  can  be  brought  to 
rest  during  the  latter,  which  becomes  removed  by  the  superior 
velocity  and  volume  of  water  of  the  former ;  but,  as  a  whole, 
there  arises  an  adjustment,  producing  a  sea  bottom  of  a 
marked  character.  The  friction  of  the  tidal  wave  on  the 
bottom  forms  ridges  and  furrows  of  the  same  kind  with 
those  previously  noticed  as  produced  by  the  winds  on  loose 
sand  (p.  69).  Where  clear  waters  prevail,  and  the  ridges 
and  furrows  are  formed  by  this  kind  of  friction  alone,  the 
resemblance  is  very  striking,  allowance  being  made  for  the 
relative  weight  of  the  particles  of  sand  in  the  air  and  in  the 
water.  Where  waves  act  on  the  bottom,  it  would  be  expected 
that  such  ridges  and  furrows  would  be  modified  by  the  to-and- 
fro  action  set  up,  although  the  on-shore  might  be  greater  than 
that  of  the  counter  movement,  in  proportion  as  the  wave  takes 
the  onward  force  of  a  breaker,  the  higher  part  acquiring 
gradually  a  greater  forward  motion  as  the  water  becomes 
shallower,  and  the  friction  on  the  bottom  becomes  increased. 

Almost  every  extensive  sandy  flat  left  by  the  tide,  and 
of  such  the  coasts  of  the  British  islands  afford  abundant 
examples,  shows  the  effects  of  friction  on  the  sand.  An 
observer  should  well  study  the  various  modifications  to  be  seen 
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in  such  situations,  for,  among  arenaceous  accumulations  of  all 
geological  ages,  the  efiects  of  friction  on  sand  and  silt,  by  water 
in  motion,  is  often  very  eiddent.  In  many  situations  peculiar  ar- 
rangements of  the  surface  sand  will  be  observed  to  have  arisen 
from  the  draining  off  of  the  tidal  water,  which  has  quitted  a 
*  large  tract  of  sand  suddenly.  We  have  thus  friction  from  the 
rise  and  fall  of  tidal  waters  on  coasts,  from  the  to-and-fro 
action  of  waves  produced  by  winds  (where  the  depths  are 
favourable),  and  from  streams  of  tide,  variable  in  strength, 
usually  acting  in  two  directions,  and  often  in  more,  from  local 
causes. 

From  friction  of  all  kinds  much  sedimentary  matter  is  so 
shoved  and  pushed  along  the  bottom  in  various  directions,  that 
from  this  cause  alone  a  great  flattening  of  the  surface  would  he 
effected.  If  to  this  we  add  the  deposit  of  matter  borne  in 
mechanical  suspension,  and  derived  either  from  rivers  or  the 
action  of  breakers,  we  should  expect  a  distribution  of  detritus 
which,  if  raised  above  the  level  of  the  sea,  would  offer  the 
appearance  of  a  great  plain.  The  accompanying  map  (fig.  65) 
will  show  the  extent  of  area  around  the  British  islands  within 
a  line  of  depth  equal  to  100  fathoms  (600  feet),  and  which,  if 
raised  above  the  level  of  the  sea,  would  present  to  the  eye  little 
else  than  a  vast  plain.  To  form  this  great  tract  of  smoothed 
ground,  no  doubt  the  levelling  action  of  breakers,  cutting  back 
the  coasts,  must  be  duly  regarded ;  so  that  to  this  action,  to 
that  of  the  seas  rolling  in  various  directions,  according  to  the 
winds,  and  stirring  up  the  bottom  in  su£ScientIy  shallow  places, 
and  to  the  distributing  power  of  streams  of  tide,  is  mainly  due 
the  present  surface  of  this  area,*  the  extent  of  which  may  be 


*  Always  bearing  in  mind  that  there  is  a  base  beneath  of  tertiary  and  other 
rocks,  over  which  the  sands  and  mud  are  at  present  strewed,  and  which  may 
here  and  there  be  still  nncovered.  In  many  a  sitaation,  a  minor  area,  planed 
down  by  the  action  of  the  breakers,  may  yet  be  kept  clean  from  deposits  by  local 
causes.  We  may  probably  regard  the  whole  area  as  the  result  of  the  cutting 
back  of  coasts  by  breakers,  and  of  deposits  from  the  causes  pointed  out,  continued 
through  a  long  lapse  of  geological  time,  movements  of  land  as  regards  its  relative 
level  with  the  sea,  and  on  the  large  scale,  having  contributed  to  its  present 
condition. 
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estimated  b;  the  annexed  figure  (fig.  66),  representiog  1000 
square  miles,  on  the  same  scale  as  the  map  (fig.  65). 

Fig.  66. 

1  D 

It  is  wortliy  of  remark,  that  if,  instead  of  the  line  of  100 
fathotns  beneath  the  sea,  that  of  200  ^thorns  had  been  selected, 
the  second  line  would  not  have  extended  &r  beyond  the  first 
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the  slope  increasing  far  more  rapidly  outside  the  100  fathom 
line  than  within  it,  so  that,  after  preserving  a  very  gentle 
slope,  as  a  whole,  outwards  for  the  great  area  represented 
above  (fig.  65),  the  bottom  of  the  sea  descends  much  more 
suddenly  beyond  it  towards  the  Atlantic* 

Slight  attention  on  the  coasts  will  show  an  observer  that  the 
water  moving  past  them  in  a  stream  from  tidal  action  travels 
backwards  and  forwards  a  somewhat  limited  distance,  so  that 
any  detritus  held  by  it  in  mechanical  suspension,  and  eventually 
thrown  down  from  such  suspension,  could  only  be  deposited 
within  a  limited  area,  when  no  disturbing  causes  interfered. 
The  water  of  a  tidal  stream,  passing  a  coast  at  the  average  rate 
of  three  miles  per  hour,  will  only  travel  18  miles,  regarding 
the  subject  generally,  before  it  is  swept  back  again  over  the 
same  ground  for  the  like  distance.  The  pressure  of  high  winds, 
both  on  and  off  a  coast,  particularly  if  they  be  long  continued, 
forces  water  against  or  away  from  the  land,  and  so  with  any 
other  direction  a  surplus  of  the  ordinary  body  of  water  may 
take  from  the  friction  of  the  wind.  Hence  the  mere  backward 
and  forward  motion  of  the  same  body  of  water  is  somewhat 
modified,,  as  also  by  the  great  additions  made  to  the  usual 
volume  of  tidal  water  by  the  discharge  of  great  floods  from 
rivers,  striving  to  force  their  way  over  coast  streams  of 
tide. 

Making,  however,  all  reasonable  allowance  for  these  modi- 
fying influences,  there  remains  enough  of  continued  local  action 
to  procure  local  accumulations  of  detritus,  more  diversified  in 
character  near  the  coasts  than  at  a  distance  from  them,  on 
account  of  the  increased  velocity  of  tides  immediately  off  chief 
headlands,  and  their  diminished  strength  of  stream  in  sheltered 
bays,  not  forgetting  estuaries,  with  and  without  bars  of  different 
kinds. 

The  observer  has  now  to  consider  the  distribution  of  fine 


*  Here  and  there  there  are  minor  depressions  in  this  area,  and  among  them 
the  troagh-like  cavities  in  the  North  Seas,  known  as  the  Silver  Pits.  The 
bottom  aroand  the  chief  pits  is  described  as  rising  gradually  to  it,  when  sud- 
denly the  interior  sides  descend  from  a  few  to  40  or  50  fathoms,  forming  steep 
interior  escarpments. 
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matter  in  mechanical  suspension  by  means  of  ocean  currents. 
Some  of  these  are  known  to  be  very  constant  in  their  courses^ 
others  periodical,  and  many  temporary.  We  have  seen  that 
the  pressure  of  strong  and  long-continued  winds  forces  up 
water  by  their  friction  on  its  surface  in  tideless  seas,  and  con- 
sequently would  expect  that  in  the  open  ocean  similar  winds 
would  force  water  before  them,  though  the  absence  of  land 
would  produce  a  modification  in  the  result.  When  the  area  so 
acted  upon  was  bounded  by  a  single  range  of  coast,  the  modi- 
fication would  be  less  ;  and  when  two  lines  of  coast  presented 
themselves,  between  which  the  water  could  be  forced,  and 
lateral  fall  prevented,  there  would  be  an  approximation  to 
the  efifects  observable  at  the  north  and  south  extremities  of 
the  Caspian,  or  on  the  east  and  wQ3t  shores  of  the  Black 
Seas,  where  the  waters  are  pressed  forward  by  the  needful 
winds. 

Independently  of  the  pressure  on  the  surface  of  the  sea  by 
winds,  either  constant  or  nearly  so,  periodical  or  temporary,  it 
has  been  supposed  that  the  motion  of  the  earth  gives  a  certain 
movement  to  the  waters  of  the  ocean  from  east  to  west,  thus 
increasing  the  power  of  some  currents,  due  to  the  surface  action 
of  winds,  and  interfering  with  the  movement  of  others.  To  the 
motion  of  water  from  this  cause,  the  continent  of  America,  with 
South  Georgia,  South  Orkney,  South  Shetland,  and  the  icy 
regions  extending  to  Victoria  Land,  would  interpose  between 
the  Atlantic  and  the  Pacific,  and  the  continent  of  Asia,  with 
the  Philippines,  Borneo,  the  Moluccas,  New  Guinea,  and 
Australia,  would  oppose  the  westward  movement  of  the 
Pacific,  not  forgetting  New  Zealand,  and  the  multitude  of 
islands  and  islets  of  Polynesia  in  that  ocean. 

The  more  open  space  for  this  supposed  movement  would  be 
from  the  Indian  and  Southern  Oceans  into  the  Atlantic,  the 
coast  of  Africa  not  oflering  it  opposition  beyond  the  latitude  of 
35^  south.  A  constant  current  does  run  out  of  the  Indian  into 
the  Atlantic  Ocean,  flowing  up  the  west  coast  of  Africa,  to  the 
equatorial  regions,  whence  it  strikes  over  to  America,  ponding 
up  the  water  in  the  Gulf  of  Mexico.  It  has  been  inferred  that 
this  current  is  partly  due  to  the  motion  of  the  earth,  and  parti 
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to  prevalent  winds,  those  known  as  the  Trade  Winds  especially 
driving  the  waters  in  the  same  direction. 

The  current  into  the  Atlantic  sweeps  round  the  southern 
extremity  of  Africa  by  the  Agulhas  or  Lagullas  Bank,  the 
soundings  on  which  give  mud  to  the  westward  of  Cape  Agulhas, 
and  sand,  containing  numerous  small  shells,  to  the  eastward. 
It  might  hence  be  assumed  that  this  current  acted  upon  the 
bank  at  a  depth  of  360  or  420  feet,  sweeping  off  the  finer  sedi- 
ment from  the  side  exposed  to  its  force,  and  parting  with  it  in 
the  more  still  water  behind  it.  A  mass  of  water  is  inferred  to 
run  up  the  west  coast  of  Africa,  from  the  Cape  of  Good  Hope 
(between  the  coast  and  the  waters  of  the  adjacent  ocean),  60 
miles  wide,  1200  feet  deep,  and  of  the  mean  temperature  of 
the  ocean,  at  an  average  rate  of  one  mile  per  hour.*  There 
are  counter  currente,t  and  the  main  current  is  considered  to 
extend,  as  regards  surface,  to  a  comparatively  moderate  dis- 
tance from  the  land.  As  a  whole,  this  current  reminds  us  of 
a  body  of  water  in  movement  westward,  acquiring  additional 
velocity  against  the  southern  extremity  of  Africa,  as  any  minor 
mass  of  water  in  movement  would  against  a  common  projecting 
cape  or  headland.  We  may  regard  another  great  Atlantic 
current,  the  Gulf  Stream,  as  consequent  on  this  main  current^ 
after  it  has  traversed  the  Atlantic  to  the  West  Indies.  Escaping 
from  the  Gulf  of  Mexico,  as  previously  noticed  (p.  86),  the  Gulf 
Stream  waters  flow  northerly,  a  part  passing  off  to  the  east- 
ward, after  passing  the  Straits  of  Florida,  probably  to  equalize 
the  general  levels  in  that  direction.  As  to  the  extent  and 
velocity  of  the  Gulf  Stream,  the  contradictory  evidence  is 
sufficient  to  show  that  both  are  occasionally  much  modified. 
The  winds,  by  their  friction,  necessarily  affect  the  course  of 
the  stream,  according  to  their  duration,  strength,  and  direction. 

*  Sir  James  Ross.  Voyage  in  the  Sonthem  and  Antarctic  Regions,  vol.  i. 
p.  35. 

i*  Close  to  the  shore  there  is  an  eastern  current  The  survey  of  the  coast  of 
AfHca,  to  the  east  of  the  Cape  of  Good  Hope,  was  made  by  Captain  Owen,  with 
the  assistance  of  this  current,  against  the  force  of  the  trade  wind.  Captain 
Horsburgh  mentions  having  been  carried  by  the  eastern  current,  on  the  south  of 

e  main  western  current,  at  the  rate  of  20  to  30  miles  in  the  24  hours,  and, 

two  instances,  a^  the  rate  of  60  miles  in  the  same  time. 
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In  mid-channel,  in  the  meridian  of  Hayanna,  the  velocity  is 
estimated  at  2^  miles  per  hour ;  off  the  most  southern  parts  of 
Florida,  and  ahout  one-third  over  from  the  Florida  Reefe,  at 
4  miles  an  hour.  The  stream  is  considered  to  range,  in  the 
meridian  of  57®  W.  to  42^  45'  N.  in  summer,  and  to  42^  N.  in 
winter.  A  reflow,  or  counter  current,  sets  down  hy  the  Florida 
Reefe  or  Keys  to  the  S.W.  and  W.* 

Other  currents  are  known  in  the  Atlantic,  such  as  that 
coming  out  of  Baffin's  Bay,  through  Davis's  Strait,t  considered 
to  join  the  Gulf  Stream,  the  united  body  of  water  crossing  over 
to  the  coasts  of  Europe  and  Africa.  A  southerly  flow  of  water 
takes  place  from  the  coast  of  Portugal  towards  the  Canary 
Islands,  modified  by  the  indraught  of  sea  into  the  Mediter- 
ranean. Beyond  these  islands  a  S.W.  current  is  noticed  as 
probably  due  to  the  influence  of  the  N.E.  trade  wind. 

Constant  currents  are  also  mentioned  in  the  Pacific.  Cur- 
rents are  described  as  setting  off  the  Galapagos  to  the  N.N.W., 
and  at  Juan  Fernandez,  and  300  leagues  to  the  westward  of  it 
to  the  W.S.W.  (16  miles  per  day).  Great  quantities  of  wood 
are  driflted  from  the  continent  of  America  to  Easter  Island  by 
a  stream  of  water  passing  in  that  direction.  Between  the 
Sandwich  Islands  and  the  Marquesas,  currents  have  been  found 
flowing  westward  at  the  rate  of  30  miles  per  day.  Among  the 
Philippine  Islands  a  current  comes  from  the  north-east,  and 
runs  with  considerable  force  among  the  passages  dividing  them 
from  each  other.  Various  other  currents  in  the  Pacific  have 
been  noticed.  There  are  two,  however,  deserving  of  attention, 
inasmuch  as  one,  flowing  northerly  through  Behring's  Straits,  is 
thought  to  proceed  eastward  along  the  north  coast  of  America,]]; 


*  Many  smaU  yessels  are  stated  to  make  their  passage  from  the  northward 
by  the  aid  of  this  .counter  current. 

f  This  carrent,  commonly  known  as  the  Greenland  Current,  sets  southerly 
down  the  coast  of  America  to  Newfoundland,  bringing  down  large  icebergs  be- 
yond the  Great  Bank.  The  velocity  was  found,  by  Captains  Ross  and  Parry,  to 
be  3  to  4  miles  per  hour  in  Davis's  Stnut.  Off  the  coast  of  Newfoundland, 
it  sometimes  flows  at  the  rate  of  2  miles  an  hour;  but  much  modified  by 
winds. 

X  Kotzeboe  describes  this  current  as  setting  through  Behring's  Straits  with  a 
vdodty  of  3  miles  an  hour,  to  the  NJB. 
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and  the  other,  passes  round  Cape  Horn  to  the  eastward  for  the 
greater  part  of  the  year.* 

In  the  China  and  India  seas  we  find  good  examples  of  peri- 
odical currents.  The  water  moves  from  the  ocean  into  the 
Red  Sea,  from  October  to  May,  and  out  of  that  sea  from  May 
to  October,  t  In  the  Gulf  of  Manar,  between  Ceylon  and 
Cape  Cormorin,  the  current  flows  northward  from  May  to 
October,  setting  the  remaining  six  months  to  the  S.W.  and 
S.S.W.  In  the  S.W.  monsoon,  the  current  between  the  coast 
of  Malabar  and  the  Lakdivas  sets  to  the  S.S.E.  with  a  velocity 
varying  from  20  to  26  miles  in  the  24  hours.  The  currents  in 
the  China  Seas,  at  a  distance  from  shore  commonly  flow,  more 
or  less,  towards  the  N.£.  from  the  middle  of  May  to  the 
middle  of  August,  taking  a  contrary  direction  from  the  middle 
of  October  to  March  or  April.  Tlieir  strength  is  most  felt,  as 
might  be  anticipated,  among  the  islands  and  shoals.  ;|; 

With  respect  to  temporary  currents,  they  are  found  to  be 
innumerable ;  severe  gales  of  wind>  of  long  duration,  readily 
forcing  the  surface  water  before  them.  Among  channels  and 
along  coasts  these  are  chiefly  felt,  the  two  boundary  shores  or 
the  single  coast  opposing  the  further  rise  of  water,  and  throwing 
them  off  in  the  manner  of  tidal  waves. 

While  considering  the  movement  of  the  ocean  waters,  the 

*  This  current  has  been  doubted ;  but  as  there  is  a  prevalence  of  strong 
westerly  winds  round  Cape  Horn,  during  the  greater  part  of  the  year»  the 
statements  that  there  is  such  a  current  may  be  considered  probable.  A 
bottle,  thrown  overboard  by  Sir  James  Ross,  near  Cape  Horn,  was  after- 
wards found  near  Port  Phillip,  Australia,  having  passed  eastward  about  9000 
miles  in  3^  years.  Allowing  1000  miles  for  detours,  this  would  be  a  rate  of 
about  8  miles  per  day.  It  was  Sir  James  Ross's  practice,  upon  throwing  bottles 
overboard,  to  load  all  but  that  intended  for  the  surface,  so  that  they  took  differ- 
ent depths.  As  sand  was  not  stated  to  be  found  in  this  bottle,  it  was  inferred 
that  it  was  a  surface  bottle ;  hence  the  winds  alone  had  much  influence  on  its 
course. 

t  A  current  commonly  flows  from  the  Persian  Gulf  towards  the  ocean,  during 
the  whole  time  that  the  water  runs  into  the  Red  Sea,  and  flows  into  the  Gulf 
from  May  to  October. 

I  The  strongest  currents  in  these  seas  are  experienced  along  the  coast  of 
Cambodia,  during  the  end  of  November.  They  run  with  a  velocity  of  50  to  70 
miles  to  the  southward,  in  the  24  hours,  between  Avarilla  and  Poolo  Cecir  da 
Terra.  Some  parts  of  the  stream  setting  into  the  Straits  of  Malacca,  causes  the 
tide  to  run  nine  hours  one  way  and  three  hours  the  other. 
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obserrer  should  not  neglect  any  change  in  their  position  which 
may  be  due  to  their  relative  specific  gravities.  Experiments 
upon  fresh  water  in  lakes  long  since  showed  that  a  body  of  the 
heaviest  water,  that  approaching  towards  a  temperature  of  about 
39^  •  5  or  40°,  remained  at  the  bottom  undisturbed,*  except  by 
the  influx  of  river  waters,  charged  with  detritus,  which  forced 
their  way,  spreading  mud  beneath  them  (p.  51) .  The  researches 
of  Sir  James  Ross  in  the  Southern  Seas  have  shown  that  in  a 
similar  manner  water  of  a  certain  temperature,  namely,  of  about 
39^*  5  Fahr.,  remains  at  the  bottom,  either  colder  or  warmer 
water^  as  the  case  may  be,  floating  above  it.  From  many 
observations  made,  it  was  inferred  that  a  belt  of  this  water  of 
a  given  temperature  rose  to  the  surface  in  southern  latitudes, 
of  which  the  mean  is  estimated  at  about  56^  26',  the  whole 
body  of  ocean  water  in  that  circle  being  of  this  uniform  tem- 
perature from  the  surface  to  the  bottom,  while  on  the  north, 
towards  the  tropics  and  equator,  water  of  a  higher  temperature 
floated  above  it,  and  on  the  south,  that  of  a  lower  temperature.! 

*  In  1819  and  1820,  the  author  made  ezperiments  on  the  Lakes  of  Geneva, 
Neoehatel,  Than,  and  Zag,  with  a  view  of  investigating  this  subject.  An  acconnt 
of  these  experiments  was  published  in  the  ''  Biblioth^que  Universelle*'  for 
1819  and  1820.  It  was  found  that,  in  the  Lake  of  Geneva,  the  water  in  Sep;- 
tember  and  October,  1819,  had  a  temperature  of  64°  to  67°  Fahr.,  from  the  sur- 
&ce  to  the  depth  of  1  or  5  fiithoms,  and  that  there  was  a  general  diminution  of 
temperature  downwards  to  40  &thoms.  From  40  to  90  fathoms,  the  tempera- 
ture was  always  44^  with  one  exception,  when  it  was  45°  at  40  fathoms.  From 
90  fiithoms  to  the  greatest  depths,  which  amounted  to  164  fathoms,  between 
Evian  and  Ouchy,  the  temperature  was  invariably  43^5.  After  the  severe 
winter  of  1819-20,  the  same  temperature  continued  beneath.  Experiments  on 
the  Lakes  of  Neuchatel,  Thun,  and  Zug,  alike  pointed  to  water  of  a  temperature 
approaching  to  the  greatest  density  of  water,  between  39°  and  40°,  being  at  the 
bottom. 

t  The  following  were  the  observations  on  which  Sir  James  Ross  founded  his 
vxewof  thepontionof  this  circle,  the  water  being  ascertained  in  the  localities 
nodoed  to  have  the  same  temperature  from  the  surface  downwards : — 

Latitude.  Longitude. 

57®  52'  S.  170^  SO'  E. 

55    09  132     20 

55     18  149     20  W. 

58     36  104     40 

54  41  55     12 

55  48  54     40 
Voyage  to  Southern  and  Antartic  Regions,  vol.  ii. 
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Thus,  considering  the  like  belt  of  uniform  temperature  to 
appear  in  such  parts  of  the  northern  hemisphere  as  is  covered 
by  the  ocean,*  there  would  be  three  great  thermic  basins,  two 
towards  each  pole  of  the  earthy  and  a  middle  trough,  or  belt, 
through  the  central  part  of  which  the  equator  would  pass.  Sir 
James  Ross  points  out  that  in  lat.  45"^  S.,  the  temperature  of 
39^*5  has  descended  to  600  fathoms,  increasing  in  depth  in  the 
equatorial  and  tropical  regions  to  about  1200  fathoms,  the 
temperature  of  the  surface  in  the  latter  being  about  78^.  f  On 
the  south  of  the  belt  of  uniform  temperature,  the  line  of  39° '5 
is  considered  to  descend  to  750  fathoms  in  lat.  70°,  the  surface 
being  there  at  30°  Fahr. 

To  estimate  a  movement  which  might  be  produced  by  the 
settlement  of  any  water  of  the  density  of  39^*5,  striving  to 
occupy  an  equal  depth  beneath  those  of  inferior  weight,  either 
of  greater  or  less  temperature,  as  the  case  might  be,  to  the 
north  and  south  of  these  belts  of  uniform  temperature,  sup- 
posing that  some  approximation  to  such  a  belt  was  to  be  found 
in  the  northern  hemisphere,  we  should  compare  the  distance 
from  these  belts  with  the  depths  at  which  given  temperatures 
have  been  observed.  This  done,  we  obtain  for  the  slope  on 
either  side  of  the  southern  belt  (assuming  a  plane  for  more 
ready  illustration)  of  about  1  in  1723  to  the  1200  fathoms  of 
39^*5  beneath  the  equator,  and  of  about  1  in  1136  to  the  same 
temperature  beneath  750  fathoms  in  70°  degrees  south  latitude. 
So  small  an  angle,  with  a  change  of  temperature  so  gradual. 


*  AUowing  the  same  causes  in  operation  in  the  northern  hemisphere,  we 
should  expect  similar  effects,  howerer  modified  by  local  circumstances.  Scoresby 
obtuned,  in  lat.  79"*  4'  N.,  long.  SP  4!  £.,  36^  at  400  fitthoms,  the  temperature  in- 
creasing from  29**  at  the  sur&ce.  Another  observation  by  the  same  author, 
in  lat  79°  A'  N.,  gave  37^  at  730  fiithoms,  the  surface  being  29®.  Again,  in 
lat  19P  2'  N.  and  long.  0°  lO'  W.,  he  found  38''  at  761  fiithoms,  the  surfiioe  being 

32°. 

f  With  regard  to  observations  in  the  tropics,  Colonel  Sabine  found,  in  lat 
20°  aC  N.,  and  long.  83°  SO'  W.,  a  temperature  of  45° -5  at  1000  fathoms,  the 
surfiEice  water  being  at  83°.  Captain  Wauchope  obtained  in  lat.  10°  N.,  and 
long.  25°  W.,  51°  at  966  fathoms,  the  sur&ce  water  being  at  80°  ;  and  he  also 
found  m  lat  3°  20^  S.,  and  long  7°  39'  E.,  a  temperature  of  42°  at  1300  ^thorns, 
the  8urfiu%  water  being  at  73°. 
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could  scarcely  produce  a  lateral  moYement  in  the  mass  of  ocean 
waters  of  geological  importance.* 

The  agency  of  ocean  currents  in  the  transport  of  matter 
mechanically  suspended  in  their  waters,  and  derived  from  the 
decomposition  or  abrasion  of  land,  will  necessarily  depend  upon 
local  conditions.  Here  and  there  streams  of  tide  may  deliver 
such  matter  to  them,  to  be  borne  in  the  direction  in  which  they 
may  move,  and  great  rivers,  such  as  the  Yang-tse-kiang,  the 

*  It  should  be  remarked  that  the  temperature  of  39^*5,  found  by  Sir  James 
Boss  in  sitnationB  leading  to  the  inference  that  sach  temperature  is  that  of  the 
greatest  density  of  sea  water,  containing  the  ordinary  amount  and  kinds  of 
salts  in  solution,  does  not  well  accord  with  the  experiments  in  the  laboratory. 
According  to  Dr.  Marcet,  those  made  by  him  show  that  the  maximum  density 
of  sea  water  is  not  at  40°  Fahr.  In  four  experiments,  Dr.  Marcet  cooled  sea 
water  down  to  between  18^  and  19*^,  and  found  that  it  decreased  in  bulk  till  it 
reached  22°,  after  which  it  expanded  a  little,  and  continued  to  do  so  until 
the  water  was  reduced  to  19''  and  18^  when  it  suddenly  expanded  and  became 
ice  at  28°.    According  to  M.  Erman,  also,  salt  water  of  the  specific  gravity  of  ^ 

1*027  diminishes  in  Tolume  down  to25'',  not  reaching  its  maximum  density  ^ 

until  congelation.  ^ 

These  results  would  seem  to  point  either  to  some  modifying  influence  acting  4 

upon  the  waters  of  the  ocean,  to  &ult8  in  the  instruments,  to  the  mode  of 
employing  them,  or  to  sources  of  error  in  the  laboratory  experiments  not  i 

suspected.    At  considerable  depths,  the  heavy  pressure  upon  the  bulbs  of  the  t 

thermometers,  if  used  naked,  might  be  supposed  to  produce  an  error  as  to  the 
mass  of  water  of  uniform  temperature  from  Uie  surface  downwards.  If  pressure^  « ' 

however,  upon  the  bulb  caused  a  higher  apparent  rise  in  the  thermometers,  this 
should  vary  with  such  pressure ;  but  the  results  do  not  bear  out  this  view,  unless 
it  be  assumed  that  the  gradual  increase  of  pressure  exactly  counterbalanced  a 
decrease  of  temperature.  It  is  worthy  of  remark,  that  the  temperature  of  39°-  5 
is  about  that  assigned,  from  experiments,  to  pure  water,  and  that  saline  solutions 
are  known  to  become  more  dense  at  less  temperatures.  It  may  be  here  observed 
that  the  water  beneath  90  fathoms  in  the  lake  of  Geneva  was  found,  both  after  a 
warm  summer  and  a  severe  winter,  to  remiun  at  43^*  5,  not  39°*  5  or  40<),  as  experi- 
ments in  the  laboratory  would  lead  us  to  expect  From  observations  on  the  tem- 
perature of  the  western  Mediterranean  waters,  at  various  depths,  it  is  inferred 
that  all  beneath  200  fathoms  remains  at  a  constant  temperature  of  about  55°. 
(D'Urville,  Bui.  de  la  Soc  de  Geographic,  t  xvii.  p.  82.) 

If  we  take  39®*  5  for  the  temperature  of  the  greatest  density  of  sea  water,  we  shall 
have  to  conader  that  the  salts  in  solution  produce  no  influence  upon  such  density, 
the  water  alone  having  to  be  regarded.  It  would  be  very  derirable  that  experi- 
ments respecting  the  density  of  sea  water  at  different  temperatures  should  be  re- 
peated in  the  laboratory,  and  that  observations  should  be  made  at  different 
seasons  upon  the  temperature  of  deep  ftesh- water  lakes,  in  order  to  see  if  we  • 

are  in  any  way  to  r^ard  the  temperature  obtained  in  the  sea  of  39°  ■  5,  so  well 
observed  by  Sir  James  Ross,  as  a  result  to  which  some  modifying  influence 
may  be  attributed. 

T 
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Ganges^  the  Indus,  the  Quorra,  and  the  Amazons,  may  thrust 
out  bodies  of  water,  flowing  beyond  the  return  of  the  tidal 
streams  of  coasts,  and  carrying  detritus  to  ocean  currents, 
dirough  which  it  would  have  gradually  to  descend.  It  might 
thus  be  transported  long  distances,  particularly  if  the  depths 
it  might  have  to  descend,  before  stagnation  of  the  lower  waters 
would  prevent  any  than  a  vertical  fall  of  the  matter^  were  con- 
siderable.'*' Looking,  however,  at  maps  of  the  world,  and 
studying  the  charts  upon  which  information  respecting  ocean 
currents,  tidal  streams,  and  the  various  kinds  of  bottom  found 
by  sounding,  are  laid  down,  or  consulting  the  works  in  which 
similar  information  is  recorded,  the  great  floor  of  the  ocean 
would  appear  to  be  little  covered  by  the  deposit  of  matter  from 
mechanical  suspension  borne  over  it  by  currents,  and  derived 
from  continents  and  the  great  islands.  The  matter  obtained  from 
the  land  seems  chiefly  to  be  thrown  down  as  a  fringe  of  various 
shapes  and  composition,  skirting  the  shores ;  sometimes,  fr^m 
^  local  conditions,  extending  to  far  greater  distances  than  at  others. 

I  *  Some  very  interesting  observations  respecting  the  surfkce  density  of  the  sea 

f  off  the  coast  of  British  Guiana  were  made  by  Dr.  Dayy  (Jameson's  *'  Edinburgh 

I  Journal/'  vol.  44,  p.  43,  1848).  He  found  that  where  the  Demerara  river  meets 

the  sea,  near  George  Town,  the  density  of  the  water  was  1*0036^  and  sab- 

^  sequently  as  follows : — 

I.  11  miles  offshore  =  1.0210 
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99 

f» 
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The  specific  gravities  of  Nos.  4  and  5  were  considered  to  have  been  influenced 
by  heavy  showers  of  rain  which  fell  while  the  steamer  on  which  Dr.  Davy  was 
on  board  passed.  This  modification  in  the  density  of  the  surface  waters,  by  tro- 
pical rains,  is  well  shown  by  the  observations  of  the  same  author,  off  Antigua 
and  Barbadoes.  Towards  the  end  of  a  very  dry  season,  the  specific  grayily  of 
the  surface  wfcter,  off  the  former,  was  found  to  be  1*0273,  while,  after  three 
months  of  heavy  runs,  off  Barbadoes,  the  specific  gravity  was  reduced  to  2*0260. 
The  positions  of  these  two  islands  give  such  observations  considerable  value. 
With  respect  to  the  matter  mechanically  held  in  suspension  in  the  waters  off 
British  Guiana,  Dr.  Davy  states  that,  for  many  miles  near  the  land,  it  was  suffi- 
cient to  give  a  light-brown  tint  to  the  sea,  like  the  Thames  at  London-bridge.  It 
was  only  at  about  the  distance  of  80  miles  from  shore  that  the  waters  presented 
the  blue  colour  of  the  ocean. 
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Althongh  the  great  floor  of  the  ocean  may  not  be  very 
materially  covered  by  deposits  from  ocean  currents,  conveying 
detritus  from  the  great  continents,  Australia,  and  the  larger 
islands  of  the  world,  the  oceanic  islands  may  collectively  furnish 
matter  of  importance.  The  observer  will  find  that  many  of 
these  idands  rise  from  comparatively  considerable  depths,  so 
that  detrital  matter  derived  from  them  by  the  action  of  breakers 
(and  they  are  very  commonly  exposed  to  a  nearly  constant 
abrasion  by  the  surf),  moved  by  the  tidal  wave  sweeping  by 
the  islands^  and  thence  delivered  into  any  ocean  currents 
passing  near,  may  be  carried  by  the  latter  to  considerable  dis- 
tances. These  oceanic  islands  are  found  to  be  chiefly  of  two 
kinds,  the  one*  of  igneous,  the  other  of  animal  origin.  With 
respect  to  the  former,  we  have  not  only  to  consider  the  detritus 
they  may  now  frmiish  by  the  action  of  breakers  upon  them, 
but  also  the  transportable  matter  which  may  have  been  ejected 
from  the  igneous  vents  while  they  rose,  by  the  accumulation  of 
molten  rock,  cinders,  and  ashes. 

Instead  of  simply  accumulating  around  the  igneous  vent,  as 
would  happen,  with  certain  modifications  from  the  distribution 
of  wind-borne  ashes  and  small  local  movements  of  water  in 
tideless  seas,  not  only  might  there  be  a  to-and-fro  distribution 
of  the  volcanic  matter  carried  various  distances  in  mechanical 
suspension  from  the  tidal  wave  acting  against  the  new  obstacle 
to  its  movement,  but  the  finer  matter  could  also  be  borne  away 
by  any  ocean  current  passing  near,  and  thus  such  substances  be 
carried  &r  onward  in  the  direction  of  its  course.  As  soon  as 
any  igneous  matter  is  raised  above  the  sea  level,  so  soon  is  it  at- 
tacked by  the  breakers,  and  only  in  proportion  to  its  solidity  and 
mass  can  the  portion  above  water,  and  partly  removed  from  the 
destructive  action  of  the  surf,  remain  to  be  more  slowly  wasted 
by  the  combined  influences  of  the  atmosphere  and  of  the  sea, 
and  to  be  clothed  with  vegetation,  if  within  climates  fitted  for 
its  growth.  Many  an  island  in  the  ocean  can  be  regarded  as 
little  else  than  the  higher  part  or  parts  of  a  volcano,  or  some 
more  extended  system  of  volcanic  vents,  rising  above  its  levelj 
the  mass  and  kind  of  matter  ejected  being  sufficient  to  keep  it 
there.    As  might  be  expected  in  a  great  volcanic  region  like 
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that  of  Iceland,  igneoos  vents  have  opened  in  the  sea  near  its 
^ores,  aa  well  aa  upon  the  dry  land.  A  volcanic  eruption  is 
recorded  aa  having  taken  place  in  1783,  about  30  miiee  Irom 
Cape  Reikianes,  and  another  off  the  same  island  about  1830.* 
In  1811  a  volcanic  eruption  was  efiected  through  the  sea  off 
St.  Michaels,  Azores,  and  eventually,  after  the  ejection  of 
much  matter,  columns  of  black  cinders  being  thrown  to  the 
hei^t  of  700  and  800  feet,  an  island  was  formed,  about  300 
feet  high,  and  about  one  mile  in  circumference. 

Fortunately  the  formation  of  this  island  was  observed  and 
recorded.  It  was  first  discovered  rising  above  the  sea  on  the  13th 
June,  1811,  and  on  the  17th  was  observed  by  Captun  llllard, 
commanding  the  "Sabrina"  frigate,  from  the  nearest  cliff  of 
St.  Michaels.  The  volcanic  bursts  were  described  as  resembling 
a  mixed  discharge  of  cannon  and  musketry,  and  were  accom- 
panied by  a  great  abundance  of  lightning.  The  following 
(fig.  67)  was  a  sketch  made  at  the  time,  and  will  well  illustrate 
Kg.  67. 


*  In  1783,  tbe  «niptioiia  of  Mrenl  iilandi  were  obwrred  ■■  if  idled  from 
beneadi,  and,  doring  tome  moDilu,  vast  qmntitia  of  pomice  and  liglit  iltgi 
vera  irub«d  on  ihore.    "  In  the  beginniiig  of  Jane,  earthquakes  ifaook  the 
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the  maimer  in  which  ashes  and  kpilli  may  be  thrown  into  any 
ocean  current  or  tidal  stream  passing  along,  to  be  borne  away 
by  it. 

This  island,  to  which  the  name  of  Captain  'Rllard's  frigate 
was  assigned,  subsequently  disappeared,  but  whether  simply  by 
the  action  of  the  breakers  alone,  or  from  the  subsidence  of  the 
main  mass  beneath,  or  from  both  causes,  accounts  do  not  enable 
us  to  judge.* 

No  doubt  very  many  of  the  supposed  banks  in  the  ocean 
upon  which  the  surf  is  stated  to  have  been  seen  breaking,  and 
never  afterwards  found,  may  be  very  imaginary,  but  it  is  still 
possible,  that  here  and  there  statements  of  this  kind  may  be 
founded  upon  something  more  positive,  and  that,  making  all 
allowance  for  incorrect  views  as  to  the  latitude  and  lon^tude 
of  the  supposed  banks,  some  due  to  the  upraising  of  volcanic 
dnders  and  ashes  have  been  observed,  these  finally  so  cut  away 
that  the  sea  no  longer  broke  over  them.  However  this  may  be, 
we  can  scarcely  suppose  that  over  the  floor  of  the  ocean  all  the 
eruptions  from  every  volcanic  vent  upon  it  have  reached  above 
the  surface  of  the  water  and  remained  there  as  islands,  or  that 
some,  which  have  accumulated  matter  to  depths  not  far  beneath 
the  surface  waters,  may  not  occasionally  so  vomit  forth  cinders 
and  ashes,  that  these  substances  remain  for  a  time  above  water 
until  removed  by  the  influence  of  breakers. 

Chemical  Deposits  in  Seas. — We  have  previously  adverted  to 
the  mixed  deposits  of  calcareous  and  sedimentary  matter  in 
tideless,  or  nearly  tideless  seas,  from  which  alternate  layers 
of  argillaceous  limestones  and  clays>  or  lines  of  argillaceous 

whole  of  Iceland ;  the  fames  in  the  sea  disappeared,  and  a  dreadfhl  enipdon 
oommenoed  from  the  Shaptar  Yokul,  which  is  nearly  200  miles  distant  from  the 
spot  where  the  marine  eruption  took  place." — (Sir  George  Mackenzie's  Trayels 
in  Iceland.) 

*  This  is  not  the  only  instance  of  a  volcanic  emption  forming  a  temporary 
island  above  the  sea-level  among  the  Western  Islands.  It^  is  recorded  in  the 
ICS.  Jonmals  of  the  Royal  Society  (a  collection  containing  a  mass  of  curious  in« 
Ibrmation  respecting  the  progress  of  science  after  the  foundation  of  the  Royal 
Society},  that  Sir  H.  Sheres  informed  a  meeting,  of  January  7th,  1690-ai, 
*'  That  lus  &ther,  passing  by  the  Western  Islands,  went  on  shore  on  an  island 
that  had  then  been  newly  thrown  up  by  a  volcano,  but  that  in  a  month  or  less  it 
diic<dved,  and  sunk  into  the  sea,  and  is  now  no  more  to  be  found." 
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limestone  nodules  in  the  latter  might  result.  According 
to  the  specific  gravities  of  the  waters  of  such  seas,  arising 
from  the  difierent  amount  of  matter  in  solution  in  them, 
will,  as  we  have  seen,  depend  the  distances  over  which  riyer 
waters  can  flow  outwards,  supposing  such  rivers,  for  illustration, 
to  be  equal  in  volume  and  velocity,  and  as  respects  the  amount 
of  matter  in  solution  or  mechanically  suspended.  In  this 
respect,  the  Caspian,  the  Black,  and  the  Baltic  Seas  would  all 
differ,  the  latter  most  approaching  in  the  character  of  its  watecfi 
to  a  fresh-water  lake.  Comparatively,  these  bodies  of  water 
would  appear  to  afford  greater  tranquillity  than  tidal  seas  for 
the  production  of  chemical  deposits,  always  allowing  for  the 
depths  to  which  their  waters  may  be  disturbed  by  surface 
causes,  such  as  winds  and  changes  in  atmospheric  temperature. 

In  tideless  seas,  such  as  the  Caspian,  where  the  substances 
brought  down  in  solution  by  the  rivers  accumulate  in  com- 
paratively still  water,  we  should  expect  deposits  which  could 
not  be  effected  with  equal  facility  in  the  ocean,  even  in  those 
parts  which  adjoin  coasts.  In  the  one  case,  evaporation  keeps 
down  the  body  of  the  water,  probably  even  diminishing  its 
volume  during  a  long  lapse  of  time ;  while,  in  the  other,  these 
solutions  enter  the  great  mass  of  ocean  waters,  and  become  so 
lost  in  it,  that  certain  of  them  may  only,  under  very  favourable 
conditions,  be  able  to  accumulate  as  a  coating  or  bed  upon  any 
previously  formed  portion  of  the  ocean  floor.  The  way  in 
which  the  tidal  wave  thrusts  back  river  waters  twice  in  each 
day  (taking  the  subject  in  its  generality),  mingling  the  common 
sea  waters  with  those  of  rivers,  up  the  estuaries,  is  alone  a 
marked  difference  from  the  outpouring  of  the  rivers,  with  their 
contained  solutions  unmixed  imtil  the  river  waters  flow  over 
the  sea.  Instead  of  comparative  quiet  along  shore,  except 
where  disturbed  by  the  action  of  surface  waves,  the  whole  body 
of  water  along  tidal  coastB  is  kept  in  motion,  moving  alternately 
one  way  or  the  reverse,  and  not  imfrequentiy  in  various  direc- 
tions, in  consequence  of  the  modification  of  the  bottom,  and  the 
mode  in  which  the  tidal  wave  may  strike  variously  formed  or 
combined  masses  of  dry  land. 

We  have  above  called  attention  to  the  differences  in  tideless 
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or  nearly  tideless  seas,  arising  from  differences  between  the 
evaporation  of  their  surfaces,  and  their  average  supply  of  water 
fipom  rivers  or  rains.  Not  only  should  we  thence  expect  the 
modification  of  sedimentary  deposits  previously  mentioned,  but 
modifications  also  in  the  chemical  coatings.  An  isolated  area, 
like  the  Caspian,  if  the  evaporation  of  its  waters  be  greater 
than  its  supply,  may,  during  such  decrease,  present  us  with 
conditions  &vourable  to  a  deposit  of  some  of  its  salts,  while 
t^e  main  mass  of  the  waters  may  yet  be  well  able  to  hold  such 
salts  in  solution.  Any  shallow  parts  adjoining  the  shores 
becoming  isolated,  and  therefore  cut  off  from  the  river  supplies 
afforded  to  the  main  body,  may  readily  be  deprived  of  all  their 
water  by  evaporation^  and  a  sheet  of  saline  matter  be  the  result. 
Indeed,  in  this  manner,  any  substances  in  solution  would  become 
deposited,  and  how  far  they  might  remain  exposed  without 
being  removed  by  atmospheric  influences,  would  depend  upon 
the  climate  of  the  locality.  That  any  such  beds,  the  result  of 
the  evaporation  supposed,  may  be  covered  by  ordinary  sedi- 
mentary deposits,  due  to  geological  changes  of  the  locality,  will 
be  obvious. 

Around  such  bodies  of  water  as  the  Caspian,  the  observer 
possesses  good  opportimities  for  studying  subjects  of  this 
kind,  which  are  of  considerable  interest  geologically,  when  we 
consider  the  mode  of  occurrence  of  gypsum  and  rock-salt  in 
many  atuations,  the  not  unfrequent  connexion  of  these  sub- 
stances, and  the  kinds  of  sedimentary  matter  with  which  they 
are  often  associated.  It  may  be  also  deserving  of  attention  to 
consider  in  such  parts  of  the  world  the  probable  amiual  evapo- 
ration of  the  surface  of  seas  like  the  Caspian,  and  the  annual 
supply  of  waters  from  rivers  and  rain.* 


*  It  IB  interesting  to  oonrider,  in  any  giyen  land  where  sach  bodies  of  water 
may  be  found,  even  thongh  of  much  less  size,  and  where  it  seems  certain,  from 
geological  evidence,  that  the  present  area  occupied  by  such  waters  is  less  than 
Ibnnerly,  how  fu  the  climatal  conditions  may  so  inflaeuoe  the  evaporation  and 
supply  of  water  that  a  kind  of  balance  is  established.  We  may,  ibr  illustration, 
suppose  that,  in  the  first  place,  the  climatal  conditions  are  such,  after  the  separa- 
tion of  a  mass  of  sea  waters  from  connexion  with  the  ocean,  that  a  considerable 
diminution  of  the  volume  of  the  separated  water,  and  consequently,  in  all  proba- 
bility, of  the  area  occu^ed  by  i^  takes  place.    Then  will  arise  the  local  con- 
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It  may  have  happened  that,  from  geolo^cal  changes,  such  aa 
might  readily  convert  the  Persian  Gulf  into  an  isolated  sea,  by 
raising  the  bottom  between  Cape  Mussendom  and  the  opposite 
coasts  at  Grou  and  Sereek,  or  the  Red  Sea,  into  another,  by 
raising  the  bottom  at  Bab-el  Mandeb,  these  masses  of  water  no 
longer  communicated  with  the  main  ocean.  Looking  at  the 
climatal  conditions,  and  the  absence  of  any  great  drainage  from 
adjoining  land  flowing  into  it,  the  Red  Sea  would  lose  its  waters 
from  evaporation,  while  with  respect  to  those  of  the  Persian 
Gulf,  it  would  depend  upon  the  difference  between  the  evapo- 
ration and  supply  of  water  chiefly  obtained  from  the  Euphrates, 
Tigris,  and  their  tributaries.  From  existing  mformation,  we 
should  anticipate  that  this  supply  would  not  equal  the  evapo- 
ration, so  that  both  bodies  of  water  might  become  Caspians. 

It  would  be  well  if  observers,  when  among  such  parts  of  the 
world,  would  gather  information  suflScient  to  show  us  the  pro- 
bable results  of  such  alteration  of  conditions,  especially  as 
respects  the  deposits  of  substances  now  in  solution  in  these 
seas,  and  their  intermixture  with  common  detrital  matter. 
Observations  directed  to  such  points  can  scarcely  fail  to  be 
valuable  with  respect  to  geological  theory.  Under  the  suppo- 
sition of  the  conversion  of  the  Red  Sea  into  a  Caspian,  not  only 
might  there  be  a  mixture,  under  favourable  conditions,  of 
chemical  deposits  and  detrital  accumulations,  but  coral  banks 
and  ree&  would  be  also  included  in  them. 

By  a  glance  at  a  map  of  Asia,  it  will  be  seen  that  a  very 
large  area,  extending  along  70  degrees  of  longitude  from  the 
Black  Sea  into  China,  with  a  varied  breadth  of  15  to  20  degrees 
of  latitude,  does  not  drain  directly  or  indirectly  into  the  ocean. 

ditions,  whether  this  diminntion  continnes  or  whether  any  balance  of  evaporation 
and  supply  becomes  established.  Eyaporation,  all  other  things  being  equal,  will 
depend  upon  the  area  exposed.  If  large  rivers,  such  as  the  Volga,  for  example, 
entering  the  Caspian,  bring  much  sediment  into  the  sea  or  lake,  they  tend  to  make 
it  shallow,  and  also,  by  their  deltas,  to  diminish  the  area,  so  that  the  conditions,  as 
to  general  area,  depth,  and  consequent  volume  of  the  water,  alter.  This  alone 
might  destroy  any  balanced  conditions.  There  are  other  circumstances,  such  as  the 
supply  of  water  from  other  sources  than  the  evaporation  of  the  lake  itself,  it  being 
V»me  by  prevalent  winds  from  the  ocean,  which  have  to  be  taken  into  account, 

\d  wiU  readily  present  themselves.     The  whole  subject  is  one  of  much  interest 

Uh  respect  to  its  geological  bearings. 
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There  is  reason  to  believe  that  it  is  a  mass  of  land  which,  from 
geological  changes,  has  been  cut  off  from  such  drainage,  the 
Caspian,  the  Sea  of  Aral,  with  numerous  smaller  bodies  of 
water,  now  receiving  such  drainage  waters  as  evaporation  from 
the  surface  of  tliis  great  area  will  permit,  when  gathered  together 
in  difierent  positions.  The  evaporation  may  completely  over- 
power the  supply  of  water  in  certain  parts  of  such  an  area,  the 
salts  in  solution  in  the  pre-existing  waters  forming  sheets  of 
matter  corresponding  with  the  minor  areas  or  lakes  when  such 
solutions  became  saturated  with  common  salt  or  any  other 
substances,  as  the  case  might  be,  the  least  soluble  substances 
being  the  first  thrown  down.  In  a  dry  climate,  such  portion  of 
the  common  detritus,  as  did  not  become  consolidated,  would  be 
readily  swept  about  by  the  winds,  forming  deserts,  such  as  we 
find  in  the  re^on  noticed,  the  great  Chinese  desert  of  Kobi,  or 
Shamo,  being  the  largest  of  them.  In  all  such  lands  the 
explorer  will  not  lose  his  time  by  carefully  examining  the 
shores  of  these  various  inland  seas  and  lakes,  observing  the 
physical  conditions  which  may  produce  the  isolation  of  shallow 
parts.  It  would  be  well  also  to  study  deposits  of  saline  matter 
with  reference  to  their  origin  from  conditions,  which  may  have 
readily  obtained,  in  consequence  of  geolo^cal  changes,  by  the 
separation  of  shallow  water  indentations  fringing  the  ocean, 
particularly  in  warm  and  dry  climates,*  as  well  as  by  the 
partial  or  total  evaporation  of  salt  lakes. 

Amid  tiie  great  fiats  which  here  and  tiiere  occur  on  the 


*  In  all  cases,  where  practicable,  it  is  desirable  to  obtain  information  as  to  the 
matters  in  solution  in  the  yariotis  inland  seas  and  lakes.  They  are  known  to 
difi^  in  this  respect,  as  might  be  anticipated.  Thus,  according  to  M.  Eichwald, 
the  waters  of  the  Caspian  contain  mnch  sulphate  of  magnesia,  in  addition  to  the 
other  salts  held  in  solution.  Those  who  are  possessed  of  sufficient  chemical 
knowledge,  if  they  have  with  them  any  of  the  little  portable  chests  of  the  need- 
tal  sabstanoes  and  apparatus,  wiU  have  a  local  means  of  a  qualitative  analysis. 
It  would  be  weU  if  they  could  perform  a  quantitative  one  on  the  spot,  seeing  the 
difficulty  of  conveying  bottles  of  water,  to  be  kept,  perhaps,  a  long  time,  and 
amid  high  temperatures.  When  the  observer  may  not  be  a  chemist,  he  may 
stiU  assist,  under  fiivourable  conditions  as  to  transport,  by  obtaining  the  waters 
and  patting  a  sufficient  quantity  into  a  clean  botUe,  immediately  sealing  it  up 
carefbUy  and  tigh^  and  forwarding  it,  as  soon  as  drcumstanoes  may  permit,  to 
some  experienced  chemist  for  examination. 
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shores  of  tidal  seas,  and  which  may  become  dry  at  certain 
times,  so  that  patches  of  sea-water  irregularly  scattered  over 
them  may  be  evaporated,  leaving  the  salt,  we  have  no  doubt 
conditions,  particularly  in  dry  and  warm  climates,  for  the  accu- 
mulation of  thin  sheets  of  salt,  or  other  substances  in  solution, 
which,  under  favourable  circumstances,  might  be  covered  up, 
and  to  a  certain  extent,  be  preserved  by  detrital  mud ;  but  these 
deposits  would  scarcely  have  the  importance  of  those  previously 
noticed.  At  the  same  time,  such  situations  should  be  examined 
with  reference  to  the  chemical  accumulations  which  may  be 
thus  intermingled  with  detrital  matter. 

With  respect  to  deposits  from  chemical  solution,  the  calca- 
reous may  be  considered  as  the  most  important  geologicaUy. 
We  have  previously  adverted  to  their  production  in  the  air,  and 
in  fresh-water  lakes.  The  cases  of  consolidated  beaches  on 
some  coasts,  like  those  noticed  in  Asia  Minor,  may  be  regarded 
as  in  a  great  measiure  due  to  the  evaporation  of  the  water 
containing  the  bicarbonate  of  lime  in  solution,  as  it  percolates 
through  these  beaches.  In  the  same  manner,  we  seem  to  obtain 
their  consolidation  in  some  places  by  the  oxides  of  iron  and 
manganese,  and  by  other  substances.  Respecting  the  actual 
formation  of  beds  of  limestone  in  the  deeper  sea  by  chemical 
depoat  alone,  though  we  feel  assured  that  it  is  effected,  the 
exact  manner  is  scarcely  yet  well  determined.  The  rivers 
flowing  into  both  tideless  and  tidal  seas  alike  transport  calca- 
reous matter  in  solution  into  them,  though  very  variably ;  in 
scarcely  appreciable  proportions  in  some,  abundantly  in  others. 
So  long  as  the  carbonic  acid  needful  for  the  solution  of  the 
carbonate  of  lime  remains,  the  latter  will  continue  in  the  waters, 
but  should  it  be  withdrawn,  either  by  evaporation  of  the  sea 
waters  in  shallow  places,  or  by  separation  in  any  other  way,  the 
carbonate  of  lime,  if  the  Ume  be  not  taken  up  in  any  other 
combination,  will  be  deposited. 

With  regard  to  shallow  situations  in  tidal  seas,  particularly 
in  warm  climates,  and  where  pools  of  water  are  left  for  suffi- 
cient time  at  neap  tides,  we  should  expect  an  evaporation  of 
the  water,  at  least  in  part,  and  a  loss  of  the  carbonic  acid, 
enabling  any  carbonate  of  lime  present  to  be  held  in  solution, 
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80  that  there  was  a  consequeBt  deposit  of  calcareous  matter. 
This  may  be  well  seen  where  waters  highly  charged  with  bicar- 
bonate of  lime  flow  slowly  into  some  nook  or  bay,  on  tropical 
coasts,  and  even  in  localities  where  the  rise  and  fall  of  tide  is 
small,  as,  for  instance,  around  Jamaica.    It  is  in  such  situa- 
tions, under  favourable  conditions,  that  the  little  grains  termed 
oolites,  formed  of  concentric  coatings  of  calcareous  matter, 
may  be  sometimes  observed    to   form.      A  slight  to-and-firo 
motion,  produced  by  gentle  ripples  of  water,  may  occasionally 
be  seen  to  keep  the  carbonate  of  lime  deposdting  in  movement 
and  divided  into  minute  portions,  so  that  instead  of  a  continuous 
coating  of  calcareous  matter  upon  any  solid  substances  beneath, 
a  multitude  of  these  little  grains  is  produced.      As  might 
readily  be  anticipated,  a  small  fragment  of  shell  and  even  a 
minute  crystal  of  carbonate   of  lime  is  sufficient  to  form  a 
nucleus  for  the  concentric  coatings  of  these  oolitic  grains.    An 
observer  would  do  well,  when  an  opportunity  of  this  kind  may 
present  itself,  to  watch  the  mode  in  which  the  grains  may  be 
mecfaanically  accumulated  like  any  other  grains  of  matter  by 
the  wash  of  the  sea,  or  the  drift  caused  by  minor  tidal  streams, 
as  he  will  thereby  be  the  better  enabled  to  judge  of  the  difier- 
ences  or  resemblances  he  may  find  between  the  accumulations 
and  the  beds  formed  of  oolitic  grains  in  the  calcareous  deposits 
of  various  geological  ages. 

Wfaile  the  mode  in  which  calcareous  matter  may  be  depo- 
sited on  the  shores  of  seas  may  thus  be  advantageously  studied, 
that  in  which  it  is  efiected  in  deep  water  must  necessarily  be 
matter  of  inference.  By  the  means  previously  noticed,  a  large 
collective  amount  of  carbonate  of  lime,  held  in  solution  by  the 
needful  addition  of  carbonic  acid,  is  discharged  by  rivers  into 
the  sea  ;  more,  no  doubt,  in  some  localities  than  in  others,  but 
still,  as  a  whole,  somewhat  widely.  Although  we  might  expect 
solutions  of  a  great  variety  of  substances  in  the  sea,  the 
drainage  of  the  land  supplying  them  constantly,  our  know- 
ledge on  this  subject  would  be  more  advanced  than  it  is  at 
present,  if  waters  were  more  collected  in  different  parts  of  the 
world,  and  off  a  variety  of  coasts,  than  they  have  been. 

According  to  Professor  Forchhammer,  the  greatest  amoimt 
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of  saline  matter  in  the  Atlantic  Ocean  is  found  in  the  tropics 
far  from  land,  in  such  places  the  sea-water  containing  3'66 
parts  of  saline  matter  in  100.  He  states,  tliat  the  quantity 
diminishes  in  approaching  the  coasts,  on  account  of  the  rivers 
pouring  their  waters  into  the  sea,  and  that  it  also  diminishes  on 
the  most  western  part  of  the  Gulf  Stream,  where  the  proportion 
is  3*59  percent.  Prof.  Forchhammer  proceeds  to  observe,  that 
by  the  evaporation  of  the  Gulf  Stream  waters,  the  quantity  of 
saline  matter  increases  towards  the  east,  and  reaches  3'65  per 
cent.,  in  N.  kt.  39°  39'  and  W.  long.  55°  16'.  Thence  it  de- 
creases slowly  towards  the  N.E. ;  and  at  a  distance  of  60  to  80 
miles  from  the  western  shores  of  England,  the  Atlantic  con- 
tains 3'57  per  cent,  of  solid  substances  in  solution.  The  same 
proportion  of  salts  is  found  all  over  the  north-eastern  part  of 
the  Atlantic,  as  far  north  as  Iceland,  at  distances  from  the  land 
not  effected  by  the  outflow  of  rivers.* 

With  respect  to  the  chemical  character  of  the  saline  sub- 
stances in  the  waters  of  the  Atlantic,  it  would  appear  that  they 
do  not  differ  so  much  as  might  be  supposed.  At  the  same 
time,  Professor  Forchhammer's  researches  lead  him  to  consider 
that  lime  is  rather  rare  around  the  West  India  islands,  where 
myriads  of  polyps  employ  it  for  their  solid  coral  structures ; 
the  proportion  of  lime  to  chlorine  being  there  as  247  to  10,000, 
while  the  same  substance  is  more  common  in  the  Kattegat, 
where  part  of  the  lime  brought  by  numerous  rivers  into  the 
Baltic  is  carried  to  the  ocean.  In  the  Kattegat  the  proportion 
of  lime  to  chlorine  is  as  371  to  10,000.  In  the  Atlantic  Ocean 
17  analyses  gave  297  to  10,000 ;  and  between  Faroe  and 
Greenland  18  analyses  afforded  300  to  10,000.  f 

*  It  will  be  obvious  that  in  all  researches  as  to  the  amoont  of  the  saline  con- 
tents of  the  ocean,  the  depth  from  which  waters  for  examination  may  be  taken 
must  be  regarded.  The  tendency  for  river  and  rain  waters  to  flow  over,  or 
keep  above  the  mass  of  sea  water,  is  well  known,  a  very  gradual  mingling  of 
these  waters  being  elSected.  While  so  above  the  general  saline  solutions,  such 
fresh  waters  would  be  those  to  evaporate.  Waters  taken  from  different  depths 
are  desirable,  more  particularly  when  we  endeavour  to  ascertain  the  vertical  as 
well  as  the  horizontal  modifications  which  may  exist  in  the  saline  contents  of 
sea  waters. 

t  Forchhammer.  Memoirs  of  the  British  Association  for  the  Advancement 
of  Science,  vol.  xv.  p.  90. 
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Researches  of  this  kind,  limited  as  they  are  at  present,  are 
still  sufficient  to  point  out  the  modifying  influences  of  proximity 
to  land,  of  the  heat  of  the  tropics,  of  the  melting  of  ice  in  the 
polar  regions,  and  of  oceanic  currents  flowing  from  one  re^on, 
where  certain  conditions  preyail,  to  another  where  these  may  be 
modified. 

As  geologists,  we  have  to  inquire  if  the  salts  in  solution,  and 
derived  by  means  of  rivers  from  the  land,  are  thrown  down  on 
the  sea-floor,  either  within  a  moderate  distance  from  the  land, 
or  further  removed  in  deeper  oceanic  waters.  If  we  take  the 
calcareous  matter,  we  find  that  it  can  be  transported,  by  means 
of  rivers  flowing  outwards,  for  various  distances  over  the  heavier 
sea  waters,  to  be  still  further  carried  outwards  and  into  greater 
depths  of  water,  probably,  if  an  ocean  current  seizes  on  the  river 
waters  thus  situated.  No  small  aid  would  be  afibrded  if,  when 
fitting  opportunities  presented  themselves,  waters  from  the 
streams  which  might  thus  be  traversed  were  carefully  examined 
with  reference  to  their  chemical  character.  In  warm  climates 
there  might  be  much  evaporation  from  the  upper  part  of  river 
waters  thus  slowly  passing  along  the  surface  of  the  seas,  produc- 
tive of  results,  as  regards  matter  in  solution,  of  appredable  value. 
When  we  consult  analyses  of  sea  waters,  to  ascertain  the  con- 
dition in  which  lime  may  be  present  in  them,  we  find  enough 
to  show  that  much  is  to  be  learnt  by  experiments  made  with 
the  aid  which  the  present  methods  of  analysis  can  afibrd. 
We  can  readily  understand  that  while  lime  may  be  pouring 
into  some  parts  of  the  ocean,  as  a  carbonate  kept  in  solution 
by  the  proper  amount  of  carbonic  acid,  it  might  be  converted 
into  solid  matter  by  animal  life  in  another,  in  regions  where  a 
balance  of  supply  is  not  kept  up,  so  that  eventually  very  imequal 
quantities  are  distributed  in  solution.  But  it  would  be  well  to 
ascertain  such  facts  carefully,  and  especially  with  reference  to 
the  combination  in  which  the  hme  may  be  found  in  the  difierent 
regions  of  the  ocean."' 


*  We  are  indebted  to  Schweiger  for  a  very  careful  analTsis  of  the  waters  of 
the  English  Channel.  No  doubt  it  is  only  good  for  the  locality,  one  not  favour- 
aide  fi>r  a  knowledge  of  the  composition  of  oceanic  waters,  being  too  much  shut 
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With  respect  to  the  deposit  of  carbonate  of  lime  from  sea 
waters,  Dr.  Lyon  Playfair  suggests  that,  as  river  waters  gene- 
rally contain  in  solution  a  small  quantity  of  silicate  of  potash, 
the  carbonic  acid,  dissolved  in  sea  water,  enabling  the  carbonate 
of  lime  to  be  therein  held  in  solution,  would  act  on  this  silicate, 
decomposing  it,  and  forming  a  carbonate  of  potash.  The  sol- 
vent being  thus  removed  from  the  carbonate  of  lime,  the  latter 
would  be  precipitated,  and  a  new  portion  would  be  formed  from 
the  double  decomposition  of  the  newly-formed  carbonate  of 
potash  on  the  sulphate  of  lime  and  chloride  of  calcium  when 
present.  He  suggests  that  this  process  of  decomposition  may 
account  for  the  silica  so  frequently  found  in  limestones.  It  is, 
however,  to  the  action  of  vegetation  on  sea  waters  that  Dr.  Lyon 
Playfair  attributes  a  more  general  deposit  of  any  carbonate  of 
lime  from  them.  He  remarks,  that  marine,  like  terrestrial 
plants,  constantly  require  and  take  away  carbonic  acid  from  the 
waters  around  them,  so  that  the  quantity  necessary  to  keep  any 
carbonate  of  lime  in  solution,  and  which  may  find  its  way  into 
the  sea  waters,  being  removed,  the  carbonate  of  lime  is  thrown 
down. 

Independently  of  the  soluble  matter  thrown  into  the  sea  by 
rivers  returning  to  it  frequently  that  which  in  anterior  geolo- 
^cal  times  was  accumulated  in  it,  we  have  to  reflect  that  the 
volcanic  action  which  we  know  has  been  set  up  upon  the 
ocean-floor,  sometimes  throwing  up  matter  above  the  sur&ce 
of  the  sea,  forming  islands,  must  as  a  whole  have  caused  no 
small  amount  of  soluble  matter  to  be  vomited  forth.  Looking 
at  the  gases  evolved  and  substances  sublimed  from  sub-aerial 
volcanos,  we  should  expect  many  combinations  to  be  formed 


in  by  land,  from  which  river  waters,  differently  charged  with  saline  matter,  are 

discharged.    His  analysis  is  as  follows : — 

Water 

.     964*74372 

Chloride  of  Sodium    •     • 

.       27-05948 

„        „  Potassium      . 

0-76552 

„        „  Magnesium  . 

3*66658 

Bromide  of  Magnesium    • 

0*2929 

Sulphate  of  Magnesia 

2*29578 

„        „  Lfime .     •     • 

1*40662 

Carbonate  of  Lime    .     . 

0*03301 

With,  in  addition  to  these  constituents,  distinct  traces  of  iodine  and  ammonia. 
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and  decompositioiis  to  arise.  Seeing  also  the  soundings 
around  certain  oceanic  and  yolcanic  islands,  no  slight  pressure 
would  have  been  exerted  upon  the  earlier  volcanic  action 
beneath  the  seas,  a  modifying  influence  alone  of  no  slight  im- 
portance. Surrounded  by  seas  of  inferior  temperature,  closing 
in  upon  the  volcanic  vent  as  the  heated  waters  rose  upwards, 
there  would  be  a  tendency  to  have  certain  substances,  only 
soluble  at  a  high  temperature,  thrown  down  where  the  cooling 
influences  could  be  felt ;  as  also,  when  these  substances  may  be 
borne  upwards  by  the  heated  waters,  to  have  them  distributed 
by  any  oceanic  currents  acting  over  the  locality,  supposing  that 
the  heated  waters  either  rose  to,  or  were  produced  at  dis- 
tances beneath  the  surface  of  the  sea  where  these  currents  could 
be  felt.  Without  entering  further  upon  this  subject,  we  would 
merely  desire  to  point  out  that,  in  volcanic  regions,  the  sea 
may  not  only  receive  saline  solutions  marked  by  the  presence 
of  certain  substances  not  so  commonly  thrown  into  it  by  rivers 
elsewhere,  but  that  also  submarine  volcanic  action  may  be 
effective  in  producing  chemical  deposits,  either'  directly  or  indi- 
rectly, which,  under  ordinary  conditions,  would  either  not  be 
formed,  or  not  so  abimdantly.'^ 

With  regard  to  the  mode  in  which  chemical  deposits  may 
be  accumulated,  it  is  very  needful  to  consider  that  horizon- 
tality  is  not  essential  to  them.  They  may  be  formed  at  con- 
siderable angles,  against  any  previously  existing  surface  offering 
the  needful  conditions.  Numerous  deposits  from  solutions  are 
effected  as  well  on  the  sides  as  on  the  bottoms  of  vessels  contain- 
ing them.f  Hence  we  may  have  deposits  on  the  large  scale, 
giving  rise  to  deceptive  appearances.  Let  a,  for  example,  in 
the  annexed  section  (fig.  68)  be  the  surface  of  a  fluid,  such 
as  the  sea,  from  which  the  beds,  ft,  have  been  deposited  from 
chemical   solution  (limestones   for   instance)    upon  the    pre- 

*  It  would  be  very  desirable  to  ascertain  points  of  this  kind,  so  far  as  examin- 
ing the  sea  waters  aronnd  volcanic  regions  may  enable  the  observer  to  do  so ; 
and  more  espedaUy  when,  by  any  fortunate  chance,  opportunities  may  be 
affi>rded  after  any  submarine  volcanic  action  may  be  evident  or  supposed. 

f  Pipes  conveying  waters  containing  much  bicarbonate  of  lime,  or  many  other 
sabstaiioea  in  solution,  are  well  known  to  be  often  coated  all  round. 
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existing  surface,  c  d,  of  a  stratified  work,  c  c,  and  it  might, 
if  only  a  portion  of  such   a  section  was    subsequently   ex- 
Fig.  68. 


posed,  be  concluded  that  there  had  been  movements  of  the  land, 
tilting  up  these  beds,  when  in  reality  there  may  have  been 
perfect  repose,  as  regards  their  position,  since  the  time  of  tlieir 
deposit.  Even  when,  as  a  whole,  somewhat  horizontal  accu- 
mulations of  this  kind  might  be  expected,  they  are  often  found 
to  have  moulded  themselves  upon  the  irregularities  of  ground 
upon  which  they  were  thrown  down. 

The  manner  in  which  the  remains  of  existing  life  may  he 
accumulated  or  entombed  in  mineral  matter, — This  is  a  subject 
of  much  importance  to  the  geologist  desirous  of  reasoning 
correctly  upon  the  mode  in  which  the  fossiliferous  rocks  may 
have  been  accumulated.  The  habits  of  plants  and  animals 
engage  the  attention  of  the  naturalist,  and  by  his  aid  most  im- 
portant benefits  are  conferred  upon  the  geologist,  who  is 
thus  enabled  to  infer  how  plants  or  animals,  found  existing 
under  certain  conditions,  may  contribute  by  their  remains 
to  the  mass  of  mineral  accumulations  now  taking  place,  occa- 
sionally even  forming  tliick  beds,  spread  over  considerable 
areas,  without  the  admixture  of  mud,  and  sometimes  of  any 
sediment  derived  from  the  decomposition  or  mechanical  de- 
struction of  previously  existing  rocks. 

The  observer  should,  in  the  first  place,  direct  his  attention  to 
the  manner  in  which  the  remains  of  terrestrial  life  may  be 
entombed.  Though  when  terrestrial  plants  die,  the  substances 
of  which  they  are  composed  are,  as  a  mass,  returned  to  the 
atmosphere  and  soil  whence  they  have  been  derived,  the 
movements  of  animals  which  may  feed  upon  them  being  re- 
garded as  so  far  local,  tliat  keeping  to  the  grounds  where  their 
food  is  presented  to  them,  their  droppings  restore  to  the  soil 
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what  the  plants  had  removed  from  it,  the  camivorous  animals 
which  consume  the  graminivorous,  returning  that  which  the 
latter  did  not  prior  to  death, — there  are  still  conditions  imder 
which  parts  of  existing  vegetation  may  become  permanently 
preserved. 

Exposed  to  atmospheric  influences  after  death,  vegetation 
decays  according  to  the  structure  of  the  different  plants  and 
the  climate  of  the  locality.  The  rapidity  with  which  decompo- 
ation  is  effected  in  certain  tropical  regions  is  well  worthy  of 
attention,  more  particularly  when  the  outside  of  a  large,  and 
sometimes  prostrate  tree  may  retain  its  form,  and  yet  the 
whole  of  the  indde  be  hollow,  filled  with  leaves  that  have  fallen 
into  it^  or  teeming  with  animal  life.  Tliis  kind  of  decay  is  still 
more  instructive  when  upright  stems  of  plants,  in  tropical  low 
grounds,  liable  to  floods,  retain  their  outade  portions  sufli- 
ciently  long  to  have  their  inside  hollows  partially  or  wholly 
filled  with  leaves  and  mud  or  sand,  the  whole  low  ground  silt- 
ing up,  so  that  sands,  silt,  and  mud  accumulate  around  these 
stems,  entombing  them  in  upright  positions,  without  tops, 
though  their  roots  retain  their  original  extension.  The  study 
of  the  sedimentary  accumulations  of  river  deltas,  amid  the 
rank  vegetation  of  some  tropical  countries,  is  very  valuable  as 
respects  certain  deposits  in  which  the  remdns  of  vegetation 
form  a  conspicuous  and  important  portion.  Behind  mangrove 
swamps  much  that  has  a  geological  bearing  may  be  firequently 
seen ;  and  indeed  amid  them,  the  observer  not  forgetting  to 
direct  his  attention  to  the  mode  in  which  animal  as  well  as 
vegetable  remains  become  mingled  with^  and  finally  covered 
over  by,  sedimentary  matter. 

Not  only  in  the  tropics,  but  in  other  regions,  large  tracts  of 
marsh  land,  interspersed  with  shallow  lakes,  are  highly  favour- 
able to  the  accumulation  of  vegetable  substances,  llie  leaves 
of  trees,  growing  in  such  situations,  falHng  upon  the  patches  of 
water,  take  a  horizontal  position,  spreading  in  a  layer  in  certain 
climates  and  Reasons  over  their  surfaces.  These  leaves  gradu- 
ally soak  up  water,  and  sink  to  the  bottom.  If,  from  time  to 
time,  flood  waters  bring  fine  mineral  matter  in  mechanical 
suspension  into  such  situations,  it  settles,  and  thus  the  leaves 
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may  be  preserved  in  thin  layers  alternating  with  the  clayey 
sediment.  Should  it  so  happen  that  waters,  charged  with  cal- 
careous matter  in  solution,  find  their  way  either  gradually  and 
constantly,  or  by  sudden  rushes  in  floods,  we  may  have  the 
leaves  or  other  remains  of  plants  preserved  in  a  deposit  of  car- 
bonate of  lime,  more  or  less  pure,  according  to  the  presence  of 
any  other  matter  brought  into. the  lakes  in  mechanical  suspen- 
^on  or  chemical  solution. 

The  manner  in  which  bogs  are  formed  should  also  be 
studied.  Many  no  longer  exhibit  their  progress  over  shallow 
lakes,  while  others  will  show  it.  In  the  latter  case  we  find 
aquatic  plants,  like  the  large  rushes  and  water  lilies,  accumu- 
lating mud  about  their  roots,  as  also  decaying  vegetation,  upon 
which  finally  the  bog  plants  advance,  the  chief  of  which,  in  our 
climate,  is  the  Sphagnum  pahutre.  As  these  decay  beneath,  a 
new  growth  continues  above,  up  to  levels  where  the  requiate 
moisture  can  be  obtained.*  Trees'  are  very  firequently  found 
in  these  bogs  (some  of  which  are  very  extensive),  in  a  manner 
showing  that  the  conditions  favourable  for  the  growth  of  oaks 
and  other  trees  have  from  time  to  time  obtained,  so  that  dis- 
tinct levels  of  them  have  been  found  occasionally  in  the  same 
bog. 

The  extent  of  bogs  is  very  variable,  as  also  the  bottoms  on 
which  they  repose.  Sometimes  the  latter  are  formed  of  shell  marls, 
accumulated  at  the  bottoms  of  the  shallow  lakes,  anterior  to 
the  advance  of  the  aquatic  vegetation  over  them.  The  thickness 
of  bogs  necessarily  varies :  in  some  10  to  30  or  40  feet  is  not 
uncommon.  Of  the  pauses  in  the  accumulation  of  bogs,  suffi- 
cient to  permit  a  growth  of  trees  upon  them,  as  also  a  surface 
upon  which  habitations  may  be  constructed,  perhaps  as  good 
an  example  as  any  is  that  of  the  andent  wooden  house  disco- 
vered in  June,  1833,  in  Drumkelin  Bog,  on  the  north-east  of 

*  Those  traTelling  in  North  Wales  will  find,  opposite  Cwm-y-glo,  below  the 
bridge  crossing  the  outlet  of  Llyn-Padam  (the  lower  Llanberis  lake),  a  good 
example  of  a  lake  filling  np,  with  the  advance  of  water  lilies  Ind  other  aquatic 
plants  upon  a  still  remaining  portion,  while  bog  plants  and  bog  creep  on 
behind  them.  At  the  proper  season,  the  locality  is  brilliant  with  thoosands 
if  water  lilies  thus  advancing.  It  is  easy  to  see  that  this  was  once  a  third 
lilanberia  lake,  but,  being  shallow,  was  the  first  to  be  nearly  filled  up. 
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Donegal.  It  was  16  feet  below  the  surface  of  the  bog  before 
the  upper  part  was  taken  off,  and  4  feet  beneath  the  cuttings  of 
the  time,  standing  itself  upon  15  feet  more  of  bog,  so  that  the 
total  thickness  at  that  place  had  been  31  feet.  The  house  itself 
was  a  square  of  12  feet  sides,  and  9  feet  high,  and  was  formed 
of  two  floors,  the  roof  constructed  with  thick  planks  of  oak,  the 
wood  employed  for  the  whole  dwelling,  upon  which  no  iron  had 
been  used.  Upon  clearing  away  the  bog  from  the  level  of  the 
house,  a  paved  pathway  was  discoversd  extending  several  yards 
from  it  to  a  hearthstone,  covered  with  ashes,  some  bushels  of 
half  burned  charcoal,  some  nut-shells,  and  blocks  of  wood 
partly  burned.  Near  the  house  there  were  stumps  of  oak 
trees,  which  grew  at  the  time  it  was  inhabited.  A  layer  of 
sand  had  been  spread  over  the  ground  before  the  erection  of 
the  house.  All  seems  to  have  marked  a  state  of  repose  in  the 
growth  of  this  part  of  the  bog ;  so  that  a  change  of  conditions 
affecting  the  drainage  would  seem  needful  to  account  for  the 
accumulation  of  16  feet  more  above  the  surface,  after  the  time 
when  this  wooden  house  was  constructed.  It  may  have  been 
that  one  of  those  burstings  of  parts  of  a  bog,  some  of  which 
are  recorded,  may  have  overwhelmed  this  locality,  soft  boggy 
matter  having  gradually  accumulated  to  a  higher  level  under 
favourable  circumstances  in  some  place  adjacent. 

Bogs  are  very  irregularly  diq>ersed,  forming  unequal  patches 
as  to  area  and  thickness.  The  surface  occupied  by  the  bogs  of 
Ireland  alone,  has  been  estimated  at  2,800,000  acres.  From 
the  tannin  in  them,  animal  and  vegetable  substances  are  often 
found  well  preserved,  and,  in  con^uence,  numerous  relics  of 
ancient  times  have  been  handed  down  to  us,  which,  unless 
entombed  in  bogs,  would  have  remained  unknown.  Other 
things  have  evidently  been  lost  in  them,  and  have  been  brought 
to  li^t  by  the  progress  of  the  turf-cutter.  Many  of  the  beau- 
tiful bronze  swords,  spear-heads,  and  other  ornaments  and 
weapons  of  its  ancient  inhabitants,  have  been  thus  preserved  in 
Ireland.  As  Alight  be  expected,  also,  the  remains  of  animals 
are  found  which  have  perished  in  the  bogs. 

Of  bog-like  accumulations  in  a  warm  climate,  the  '^  Dismal 
Swamp,"  as  it  is  called — 40  miles  long,  from  north  to  south. 
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and  25  miles  in  its  greatest  breadth,  fi:x)m  east  to  west — ^partly 
in  the  State  of  Virginia  and  partly  in  North  Carolina,  seems 
an  excellent  example.  Mr.  Lyell  describes  this  swamp  as 
"  one  vast  quagmire,  soft  and  muddy,  except  where  the  surface 
is  rendered  partially  firm  by  a  covering  of  vegetables  and  their 
matted  roots."*  From  the  nature  of  the  mass,  which  appears 
to  be  chiefly  formed  of  vegetable  matter,  spongy  for  the  most 
part,  logs  and  branches  of  trees  intermingled  in  it,  water  is  so 
disseminated  that  the  central  portions  of  the  swamp  are  the 
highest,  rising  on  all  sides  above  the  surrounding  firm  and  dry 
land,  except  for  about  12  or  15  miles  on  the  western  ^de, 
where  rivers  flow  into  it  from  more  elevated  ground.  The 
greatest  height  of  the  central  part  above  the  sides  is  estimated 
at  about  12  feet,  and  in  such  central  portion  there  is  a  lake, 
7  miles  long,  and  5  miles  wide.  The  greatest  depth  of  this 
lake  is  15  feet ;  the  sides  are  composed  of  steep  banks  of  the 
vegetable  mass,  and  the  bottom  is  chiefly  formed  of  the  same 
matter  in  a  highly  comminuted  state,  with  sometimes  a  white 
sand,  about  a  foot  thick.  Rivers  flow  out  of  the  swamp  from  all 
other  parts  of  its  margin  except  that  mentioned. 

It  is  a  highly  interesting  fact  as  connected  with  this  swamp, 
one  having  many  geological  bearings,  pointed  out  by  Mr.  Lyell, 
that  the  surface  supports  a  growth  even  of  trees.  He  mentions 
the  juniper  trees  {Cupressus  thy  aides)  as  standing  firmly  in  the 
softest  places,  supported  by  tlieir  long  tap-roots.  With  other 
evergreens  these  trees  form  a  shade,  under  which  grows  a  mul- 
titude of  ferns,  reeds,  and  shrubs.  The  great  cedar  (Cupressus 
disticha)  also  flourishes  under  favourable  conditions.  Trunks 
of  large  and  tall  trees  lie  buried  in  the  swamp.  They  are 
easily  upset  by  extraordinary  winds  and  covered  in  the  mire, 
where,  with  the  exception  of  the  sap-wood,  they  are  preserved. 
Much  of  this  timber  is  found  a  foot  or  two  from  the  surface, 
and  is  sawn  into  planks  half  under  water.  Bears  inhabit  the 
swamp,  climbing  the  trees  in  search  of  acorns  from  the  oaks, 
and  gum  berries.  There  are  wild  cats  also,  and  occasionally 
a  wolf  is  seen,  so  that  there  must  often  be  conditions  for  the 


♦  LyeU's  Travels  in  North  America,  vol.  i.,  p.  143. 
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loss  of  these  animals  in  the  mire,  and  favourable  for  the  pre- 
servation of  their  bones.  Indeed,  in  such  a  region  as  this, 
occupying  an  area  of  several  hundred  square  miles,  the  amount 
and  mixture  of  animal  and  vegetable  matter,  which  may  be 
collected  in  one  great  extended  sheet,  is  not  a  little  re- 
markable. 

Rivers,  in  some  regions,  carry  forward  not  only  the  small 
plants  with  the  leaves  and  branches  of  the  larger,  but  multi- 
tudes also  of  trees  are  thus  sometimes  transported,  part  of 
them  retained  within  the  sedimentary  deposits  of  the  rivers 
themselves,  part  swept  out  seawards.  It  is  not  among  the  long 
cultivated  lands  that  the  amount  of  plants,  great  and  small,  car- 
ried downwards  by  rivers,  is  best  observed,  though  during  floods 
in' them  large  trees  are  occasionally  borne  down  their  courses. 
It  is  in  regions  where  man  has  not  by  his  labours  modified  the 
growth  of  vegetation,  or  the  course  of  rivers,  that  the  transport 
of  plants  by  running  waters  can  be  well  studied.  We  then  have 
conditions  resembling  those  under  which  vegetable  remains 
may  in  this  way  have  been  mingled  with  the  sedimentary 
deposits  of  previous  geological  periods.  On  this  account,  the 
^courses  of  rivers,  such  as  those  of  the  Mississippi  and  its  tribu- 
taries, are  still  highly  instructive,  though  in  various  ways  other 
rivers,  pursuing  their  courses  through  lands  not  yet  cultivated 
in  any  part  by  man,  may  be  still  more  so.  The  snags  of  the 
Mississippi,  or  great  trees  carried  away  from  its  banks,  or 
those  of  its  tributaries,  and  which  are  anchored,  so  to  speak,  by 
their  roots  upon  the  bottom  of  the  stream,  their  heads  bending 
with  its  strength,  are  well  known  examples  of  the  partial  stop- 
page of  trees  on  their  course  downwards.  The  same  river,  or 
ratiier  one  of  its  delta  streams,  named  the  Achafalaya,  furnishes 
us  with  a  good  instance  of  a  large  accimiulation  of  some  of 
these  drift  trees  within  the  last  80  years.  About  that  time 
smce  numbers  of  these  drift  trees  got  entangled  in  the  channel, 
so  that  they  no  longer  passed  freely  down  it.  Eventually  they 
formed  a  mass,  termed  the  Baft,  distributed  irregularly,  and 
rising  and  falling  with  the  waters,  for  a  distance  of  twenty 
miles,  closely  matted  together  in  some  localities.  In  1808  the 
cubic  contents  of  this  collection  of  drifted  trees  was  estimated 
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at  286,784,000  cubic  feet.*  If  by  any  cbange  of  conditions  the 
channel  of  the  Acha&laya  became  little  supplied  with  water, 
and  the  raft  consequently  fell  in  the  channel  and  was  covered 
over  with  fine  sediment  derived  from  muddy  waters  quietly 
working  their  way  into  the  old  river  course,  a  long  line  of  lig- 
nite, corresponding  with  twenty  miles  of  the  old  channel  of  this 
river,  might  be  the  consequence. 

When  we  regard  the  great  rivers  of  the  world,  we  can 
scarcely  avoid  considering  that  a  large  amount  of  plants  and 
trees,  differing  in  kinds  and  structure  according  to  climates, 
must  be  annually  entombed,  in  a  manner  to  prevent  that  decay 
they  would  have  suffered  if  left,  after  death,  solely  to  atmo- 
spheric influences.  No  doubt  much  of  this  vegetation  is  still  de- 
composed aftier  transport  by  the  rivers  to  tlieir  deltas,  yet  much 
also  must  be  ent-ombed  in  deposits  excluding  ordinary  atmo- 
spheric influences,  and  leaving  the  plants  under  conditions  fsivour- 
able  for  their  gradual  alteration  into  lignite,  or  to  the  more 
advanced  state  of  coal,  should  geolo^cal  changes  so  permit. 
In  deltas,  also,  we  have,  in  the  pools  and  lakes  formed  by  the 
advance  of  the  sediments  thrust  forward  by  the  rivers,  circum- 
stances in  many  regions  favourable  to  the  growth  of  aquatic  and 
swamp  vegetation.  In  such  situations,  as  they  fill  up  by  the 
occasional  inflow  of  the  muddy  waters  of  the  rivers  in  flood, 
and  by  the  growth  and  partial  decay  of  the  vegetation,  we  have 
also  conditions  suited  to  the  preservation  of  some  of  the  plants, 
or  their  pa^,  often  in  the  positions  in  which  they  grew,  mingled 
with  carbonaceous  matter  and  beds  of  sediment.  It  may  so 
happen,  in  rivers  where  sands  as  well  as  mud  are  forced  forward, 
that  by  the  occasional  shifting  of  a  stream,  or  tiie  breaking  away 
of  a  bank,  previously  barring  the  entrance  of  any  portion  of  a 

*  The  20  miles  of  length  were  estimated  at  10  miles,  this  distanoe  being  con- 
sidered as  representing  a  close  packing  of  the  trees.  The  average  breadth  was 
taken  at  220  yards,  and  tiie  depth  at  S  feet — (Darby,  Geographical  Description 
of  the  State  of  Loaisiana)  Kafts  of  this  description,  but  of  less  size,  are,  as 
might  be  expected,  found  in  other  divisions  of  the  Mississippi  and  its  tributaries. 
Captain  Hall  (Travels  in  North  America,  vol.  iii.  p.  370)  mentions  being  a 
witness  of  one  of  those  falls  of  the  banks  of  the  Missouri,  covered  with  trees, 
▼hich  throw  so  much  drift  wood  into  the  Mississippi,  the  banks  of  the  latter 
dso  contributing  largely  to  the  general  mass. 
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JDBm  stream,  sands  may  be  thrust  forward  over  accumulations 
of  this  kind,  their  deposit  marked  by  successive  lateral  and 
sloping  additions,  such  as  have  been  previously  mentioned 
(p.  29). 

With  regard  to  the  preservation  of  animal  remains  on  dry 
land,  or  in  fresh  water,  we  have  to  recollect  that  the  rapacious 
animals  very  frequently  devour  the  bones  of  the  vertebrata 
which  they  destroy,  and  the  scavenger  animals  eat  up  those 
which  the  former  may  have  left  unconsumed,  so  that  few  bones 
generally  remain  exposed  on  dry  land  to  be  decomposed  by 
atmospheric  influences.  It  is  very  probable  that  in  deserts, 
the  bones  of  animals  which  have  perished  in  them  may  be 
often  buried  beneath  great  sand-drifts,  there  to  remain,  per- 
haps, if  decomposing  causes  be  slight  in  such  situations,  until 
geological  changes  may  again  bring  such  deserts  beneath 
waters,  and  consolidation  of  the  sands  be  effected.  We  have 
seen  the  bones  of  rabbits  and  birds  exposed  by  a  shift  of  some 
of  our  coast  sand-hills,  by  which  portions  of  old  accumulations, 
marked  by  successive  growths  of  vegetation,  have  been  carried 
off  by  the  winds. 

Vertebrate  animals  are,  in  some  countries,  overwhelmed  by 
the  fall  of  parts  of  mountain  sides  or  clifls,  so  as  to  become 
buried  deeply  in  situations  where  their  bones  are  under  con- 
ditions favourable  for  preserration.  Occasionally,  they  are 
destroyed  by  the  partial  fall  of  sea  clifls  on  tidal  coasts,  while 
wandering  beneath  them  when  the  tide  may  be  out,  their 
harder  parts,  perhaps,  washed  out  to  sea  when  tiie  breakers 
may  have  subsequently  removed  the  fallen  mass.  Such  harder 
parts  may  thus  become  mingled  with  any  sedimentary  accumu- 
lations which  may  be  forming,  should  they  not  be  ground  to 
pieces  on  the  coast  by  the  breakers. 

While  studying  the  mode  in  which  the  remains  of  vertebrate 
animals  may  be  preserved  witfiout  the  aid  of  streams,  pools,  or 
lakes  of  ft'esh  water,  it  will  be  observed  that  the  clefts  of  rocks, 
in  countries  where  such  occur,  are  places  into  which  more 
animals  fall  than  might  at  first  sight  be  thought  probable.  In 
some  of  our  limestone  districts,  wliere  caverns  are  found  open 
to  the  sar£au:e,  many  an  animal  is  lost,  notwithstanding  the  pre- 
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cautions  usually  taken,  so  that  we  are  prepared  to  expect  that, 
in  uncultivated  regions,  animals  chased  hy  others,  coming 
suddenly  upon  the  brink  of  a  fissure  and  .unable  to  clear  it 
at  a  bound,  often  get  precipitated  into  it  How  &r  their 
remains  may  be  preserved  will  necessarily  depend  upon  cir- 
cumstances. While  even  inaccessible  to  scavenger  quadrupeds, 
many  of  these  fissures  are  open  to  scavenger  birds  who  may 
descend  and  devour  the  flesh,  leaving  the  bones.  Scavenger 
insects  can  readily  also  consume  the  softer  parts.  The  ulti- 
mate preservation  of  the  bones  from  the  decomposing  effects  of 
atmospheric  influences  would  depend  upon  their  exclusion  from 
them.  The  accumulation  of  clayey  matter  in  the  fissures, 
washed  in  from  the  tops  or  sides  during  rains,  mingled  pro- 
bably with  fallen  portions  of  rocks,  forming  the  sides  of  the 
fissure,  will  tend  to  this  end.  Still  better,  however,  would  be 
their  entombment  by  calcareous  stalagmites  and  stalagtites, 
where  these  were  found  in  the  fissures  of  limestones.  In  the 
latter  case,  we  might  have  an  ossiferous  limestone  breccia  rising 
to  the  surface  irregularly,  the  width  varying  with  the  form  of 
the  walls  of  the  original  fissure. 

Caves,  inhabited  for  a  length  of  time  by  the  same  kinds  of 
animals,  during  which  tliey  brought  in  their  prey,  so  that  such 
parts  of  themselves  or  of  this  prey  which  may  have  remained 
unconsumed  accumulated,  would  also  afibrd  opportunities  for 
the  preservation  of  vertebrate  animal  remains,  according  to 
circumstances.  If  these  remains,  even  teeth,  continued  long 
under  the  decomposing  conditions  likely  to  obtain  in  such 
situations,  without  some  protection  afforded  by  clay,  in  lime- 
stone caverns  by  stalagmites,  or  by  numerous  fallen  fragments, 
few  traces  would  be  expected,  while,  if  these  protecting  in- 
fluences existed,  such  remains  might  often  be  preserved. 

It  is,  however,  to  the  aid  of  water  we  have  to  look  for  the 
entombment  of  vertebrate  remains  in  the  largest  quantities, 
though,  no  doubt,  the  labours  of  Buckland  and  others  have 
taught  us  how  much  may  be  preserved  in  fissures  and  caverns. 
We  have  already  noticed  the  loss  of  animals  in  bogs  and 
swamps.  In  some  regions,  the  collective  amount  of  those 
which  perish  in  this  manner  must  be  considerable.    We  have 


AMID  MINERAL  ACCUMULATIONS.  137 

reason  to  believe  that  many  mammals  perish  in  lakes,  sometimes 
sinking  into  soft  ground  on  their  borders,  at  Others  while  endea- 
Touring  to  cross  them.  In  the  former  case  they  may  be  preserved, 
as  in  bogs  and  common  swamps,  in  a  nearly  vertical  position, 
their  bones  occurring  relatively  to  each  other  as  in  life.  In 
the  latter,  their  bones  may  often  be  scattered.  After  decom- 
position had  sufficiently  advanced,  so  that  the  dead  body  floated, 
it  may  be  either  drifted  to  a  shallow  or  deep  side  of  the  lake, 
supposing,  for  illustration,  that  both  existed.  If  to  the  latter, 
and  decomposition  had  still  further  advanced,  and  probably 
also  the  scavenger  animals,  both  of  the  air  and  water,  had  con- 
sumed no  small  portion  of  it,  the  body  might  descend  into  deep 
water,  with  the  bones  still,  as  a  whole,  in  their  relative  po- 
sitions, so  that  if  detrital  or  chemical  deposits  were  there 
taking  place,  they  would  be  in  the  condition  to  be  so  preserved. 
If  drifted  and  stranded  on  a  shallow  part  of  a  lake,  the  body 
would  be  liable  to  be  attacked  with  facility  by  scavenger  land 
quadrupeds,  which  might  not  have  ventured  into  the  water  of 
the  deep  parts  of  the  lake  for  this  purpose.  In  many  instances, 
as  those  who  may  have  seen  the  dead  bodies  of  animals  under 
such  circumstances  are  aware,  the  bones  would  be  eventually 
much  scattered,  part  of  them  pulled  upon  the  dry  land  and 
decomposed,  if  not  eaten,  while  another  part  may,  under  favour- 
able circumstances,  again  enter  the  lake,  and  be  there  en- 
veloped by  deposits  in  the  progress  of  formation. 

Whether  land  animals  floated  or  not  after  being  drowned 
intakes  must  oft;en  depend  upon  the  consumption  of  their  flesh 
while  submerged.  The  various  regions  of  the  world  furnish  us 
with  difierent  creatures  inhabiting  such  pieces  of  water.  In  many 
warm  climates,  the  bodies  would  soon  be  attacked  by  reptiles, 
capable  of  easily  destroying  their  softer  parts.  In  some 
countries,  the  crocodilian  family  would  speedily  proceed  to  de- 
vour them,  and  not  the  less  greedily  that  some  decomposition 
had  taken  place.  By  their  aid  some  animals  might  get  dis- 
membered in  such  a  way  that  the  bones  became  finally  much 
scattered,  and  the  parts  of  the  same  animal  be  somewhat  spread 
among  lacustrine  deposits.  The  crocodilians  themselves  may 
add  not  a  little  to  the  remains  of  terrestrial  vertebrata  en- 
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tombed  in  lake  accumulationgi  by  seizing  animals  on  the  shores 
and  dragging  them  into  the  water.* 

With  respect  to  the  remains  of  aquatic  reptiles  and  fish  in  lakes, 
the  voracity  of  many  of  these  creatures  is  commonly  so  great,  and 
the  system  of  mutual  prey  so  incessantly  kept  up  among  them, 
that  entire  skeletons  would  have  to  be  preserved  under  very 
favourable  conditions.  The  deltas  of  the  great  rivers,  especially 
those  in  tropical  regions,  will  afford  opportunities  for  the  study 
of  the  manner  in  which  the  remains  of  aquatic  reptiles  may  be- 
come embedded  in  detrital  matter.  We  have  seen  the  caiman 
of  Jamaica,  when  pursued,  so  bury  himself  in  the  mud  of  the 
lagoons,  in  which  he  delights  to  live,  that  occasionally  there 
must  be  some  difficulty  of  withdrawal  from  it. 

Floods  in  rivers,  particularly  those  of  large  size,  flowing 
amid  gi*eat  plains,  where  the  sudden  rise  of  water  covers  a 
large  area  in  a  short  time,  concealing  the  more  shallow  portions^ 
would  appear  the  means  by  which  many  mammals  are  swept 
off  their  feeding-grounds,  drowned,  and  their  dead  bodies 
buried  amid  the  detritus  borne  down  at  the  same  time.  At 
such  times,  also,  bones  of  mammals  which  may  remain  strewed 
about  in  the  more  exposed  situations,  not  consumed  or  decom- 
posed, may  get  mingled  with  the  mud,  silt,  or  sands,  carried 
forwards,  and  finally  deposited.  To  delta  accumulations, 
whether  in  lakes  or  seas,  such  floods  must  often  bring  down 
terrestrial  mammals  in  certain  climates,  mingling  their  remains 
with  those  of  many  reptiles. 

Though,  from  their  powers  of  flight  and  consequent  escape, 
we  should  not  expect  to  find  birds  caught  by  floods  so  as  to  be 
carried  away,  drowned,  and,  under  favourable  circumstances> 
their  harder  parts  entombed,  yet,  as  we  do  occasionally,  though 
rarely,  find  the  body  of  a  land  bird  borne  down  a  stream  in  coun- 
tries and  at  times  of  the  year  when  we  have  no  reason  to  suppose 

*  The  caiman  of  the  great  West  India  Islands  in  this  way  frequently  obtains 
dogs,  and  sometimes  goats,  incautionsly  approaching  a  place  where  he  may  be 
larking,  perhaps  half  depressed  in  mud,  with  the  tip  of  his  snont  at  the  snrfkce 
of  the  water.  The  caiman  is  considered  by  the  negroes  so  fond  of  dogs'  flesh, 
that  when  a  bent  mangrove  tree,  with  a  running  noose,  is  sometimes  placed  to 
catch  one,  a  dog  in  a  stout  stockade,  in  the  line  traced  out  for  the  caiman,  is 
thought  one  of  the  best  baits. 
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that  it  has  been  shot  or  otherwise  destroyed  by  man,  perhaps  we 
may  look  to  this  cause  as  one,  however  occasional  and  rare, 
by  which  remains  of  birds  may  be  preserved.  It  is  in  districts 
where  great  floods  may  suddenly  rise  over  very  extensive  flat 
lands,  particularly  at  times  when  the  young  of  many  birds 
inliabiting  and  breeding  upon  them  may  1^  unable  to  fly  far 
or  at  all,  that  we  anticipate  the  more  frequent  surprises  of  this 
kind.  Land  birds  occasionally  fall  into  lakes  and  perish.  We 
have  seen  instances  in  which  land  birds  chased  by  hawks  have 
&llen  into  lakes.  Accidents  causing  death  may  also  now  and 
then  happen  to  the  waders  frequenting  the  margins  of  lakes,  as 
also  to  birds  which  live  habitually  on  their  waters,  either  sup- 
porting tliemselves  by  fishing  in  the  shallow  parts,  like  the 
swans,  or  by  the  aid  also  of  diving,  like  the  duck  tribe.  The 
preservation  of  their  bones,  once  at  the  bottom,  in  lacustrine 
accumulations,  would  be  the  same  as  with  other  animal  remains. 

Under  all  circumstances,  perhaps,  to  floods  passing  over 
extensive  flats,  raising  to  the  surface  of  the  water  the  dead 
bodies  of  birds  which  have  perished  by  natiu*al  deaths,  as  their 
state  of  decomposition  may  permit,  or  sweeping  forwards  the 
bones  of  others,  not  yet  consumed  by  scavenger  animals,  we  may 
look  for  one  of  the  chief  causes  of  the  transport  by  water  and 
entombment  of  the  remains  of  birds  in  the  resulting  deposits.* 

During  floods  also  conditions  are  very  favourable  to  the 
sweeping  off  of  numerous  insects,  even  those  having  the  power 
of  flight  being  caught  up  in  the  waters  before  they  could 
escape.  Multitudes  of  these  insects  are  no  doubt  consumed 
by  fish,  yet  the  remains  of  others  may  readily  be  so  mingled 


*  Neither  shoald  we  forget,  wlien  cooudering  the  maimer  in  which  birds' 
bones  may  be  preserred  witlun  the  boundaries  of  land,  that  they  may  get 
entangled  among  trayertines,  and  thus  may  be  entombed  in  lines  and  patches 
corresponding  with  such  calcareous  deposits  as  they  form  in  streams  or  pools, 
as  under  fkrourable  circumstances  in  Italy. 

In  the  great  deserts  of  the  world,  birds,  such  as  ostriches,  perishing,  their 
remains  may  be  often  covered  orer  by  great  sand  drifts,  and  remain  so  long 
beneath,  even  supposing  some  change  of  drift  to  expoie  them,  as  to  be  no  longer 
aTulable  as  food  to  the  animals  which  would  otherwise  consume  them.  Some 
may  remain  permanently  covered,  until,  as  previously  mentioned,  by  a  change 
of*  geological  conditions,  these  deserts  may  be  again  submerged,  and  their  sands 
consolidated  into  rocks. 
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up  with  the  sediment  of  the  flood  waters  where  they  can  deposit 
it,  as  to  remain  permanently  encased  by  mud,  silt,  or  sand. 
Seeing  the  avidity  with  which,  in  general,  insects  cast  by 
myriads,  as  they  sometimes  are,  on  the  surface  of  lakes  or 
pools  of  water,  are  devoured  by  fish,  when  we  discover  their  re- 
mains embedded  yi  calcareous  matter,  as  they  have  been,  we 
should  expect  circumstances  ill-suited  to  the  habits  of  insecti- 
vorous fish  and  aquatic  reptiles.  It  may  be  that  in  waters 
in  certain  pools  or  lakes  charged  with  large  quantities  of  car- 
bonate of  lime  in  solution  by  means  of  the  needful  carbonic 
acid,  the  latter  may  be  so  abundant  as  to  drive  ofi*  the  insecti- 
vorous fish,  and  prevent  the  breeding  of  insect-eating  aquatic 
reptiles,  their  young,  unable  to  escape  from  the  water,  being 
then  as  liable  to  be  injured  by  the  amount  of  free  carbonic  acid 
as  the  fish. 

We  find  the  remains  of  land  molluscs  mingled  with  soils  in 
many  localities  in  sufficient  abundance  to  show  how  capable 
the  shells  of  these  animals  are  of  preservation  when  circum- 
^stances  will  permit.  Though  light  as  regards  the  absolute 
weight  of  each  shell,  the  specific  gravity  of  land  shells  is 
considerable,  more  approaching  that  of  arragonite  than  of  com- 
mon calcareous  spar.*  In  soils,  the  shells  are  ill  placed  for 
resisting  decomposition  beyond  a  certain  amount  of  time,  the 
waters  containing  carbonic  acid  readily  percolating  to  them,  so 
that  in  such  situations  they  are,  if  not  lately  embedded,  usually 
brittle,  and  not  unfrequently  broken.  Among  blown  aamda 
land  shells  are  often  abundant,  some  land  molluscs  especially 
delighting  in  such  habitats. 

In  volcanic  countries,  or  those  over  which,  from  their  prox- 
imity to  such  countries,  volcanic  ashes  may  be  scattered,  and 
sometimes  abundantly,  land  shells,  and,  indeed,  various  other 
land  animals,  may  be  completely  covered  over  with  coatings 

*  When  experimentiDg  Bome  years  since  upon  the  specific  gravity  of  sheUs, 
ve  found  those  of  the  following  land  molluscs  to  be : — 

Helix  Pomatia 2*82 

Bulimus  decoUatus 2 '85 

undatus 2*85 

Auricula  boTina 2*84 

Helix  citriua 2*87 
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safficient  not  only  to  kill  them,  but  to  aid  in  the  preservation 
of  their  hard  parts.  The  fall  of  great  quantities  of  ashes  and 
cinders,  discharged  in  some  volcanic  eruption,  would  appear  to 
cause  a  greater  sudden  entombment  of  terrestrial  animals,  with 
the  probability  of  preserving  their  more  solid  parts  entire,  than 
can  be  obtained  without  the  aid  of  water,  even  including  the 
moving  sands  of  deserts.  Volcanic  districts  are,  in  tempe- 
rate and  tropical  regions,  often  fertile,  abounding  in  vegetable 
and  animal  life,  so  that  in  regions,  such  as  Sumbawa  and 
Java,  for  example,  land  animals,  including  an  abundance  of 
molluscs,  may  be  readily  buried  beneath  discharges  of  lapilli 
and  ash,  such  as  were  vomited  forth  from  the  volcano  of  Tom- 
boro,  in  Sumbawa,  in  April,  1815.* 


*  The  emptioDS  commenced  on  the  5th  April,  and  continued  more  or  leas 
until  the  lOtb,  when  they  became  more  violent.  A  Malay  prahu  was  on  the 
llthy  though  distant  from  Sumbawa,  enveloped  in  utter  darkness  from  the  ashes 
in  the  air.  Upon  landing  afterwards  on  the  island,  the  commander  found  the 
country  covered  to  the  depth  of  three  feet  by  ashes  and  cinders ;  and  difficulty 
was  experienced  in  sailing  through  the  cinders  floating  on  the  sea.  At  Macasar, 
217  nautical  miles  from  Tomboro,  the  volcanic  discharges  were  heard  to  such 
an  extent  that,  supposing  there  was  an  engagement  with  pirates  near  at  hand» 
the  East  India  Company's  cruiser,  "  Benares,"  was  despatched  with  troops  on 
board  to  look  after  them.  The  following  account,  by  the  commander  of  the 
^  Benares,"  obtained  by  Sir  Stamford  Baffles,  will  show  the  amount  of  ashes 
and  cinders  vomited  forth : — 

Proceeding  south  to  ascertiun  the  cause  of  the  explosions  heard,  at  8  o'clock 
on  the  morning  of  the  12th,  "  the  face  of  the  heavens  to  the  southward  and 
westward  had  assumed  a  dark  aspect,  and  it  was  much  darker  than  when  the 
sun  rose ;  as  it  came  nearer  it  assumed  a  dusky  red  appearance,  and  spread  over 
every  part  of  the  heavens ;  by  ten  it  was  so  dark  that  a  ship  could  hardly  be 
seen  a  mile  distant ;  by  eleven  the  whole  of  the  heavens  was  obscured,  except  a 
small  space  towards  the  horizon  to  the  eastward,  the  quarter  from  which  the 
wind  came.  The  ashes  now  began  to  fall  in  showers,  and  the  appearance  was 
altogether  truly  awful  and  alarming.  By  noon  the  light  that  remained  in  the 
eastern  part  of  the  horizon  disappeared,  and  complete  darkness  covered  the  fiioe 
of  day.  This  continued  so  profound  during  the  remainder  of  the  day  that  I," 
continues  the  commander  of  the  **  Benares,"  *'  never  saw  any  thing  to  equal  it 
in  the  darkest  night ;  it  was  impossible  to  see  the  hand  when  held  close  to  the 
eyes.  The  ashes  fell  without  intermission  throughout  the  night,  and  were  so 
light  and  subtile  that,  notwithstanding  the  precaution  of  spreading  awnings  fore 
and  aft  as  much  as  possible,  they  pervaded  every  part  of  the  ship." 

**  At  six  o'clock  the  next  morning  it  continued  as  dark  as  ever,  but  began  to 
dear  about  half-past  seven,  and  about  eight  o'clock  objects  could  be  faintiy 

observed  on  deck.      From  this  time  it  began  to  clear  very  fast The 

appearance  of  the  ship  when  daylight  returned  was  most  singular ;  every  part 
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The  great  eruption  of  Vesuvius  in  79  furnishes  us  with  an 
excellent  example  of  the  manner  in  which  the  surface  of  a 
country  may  be  covered  up  by  the  discharge  of  volcanic  ashes 
and  lapilli,  so  that  various  works  of  art  and  use  are  preserved 
for  our  instruction.  Pompeii  not  only  shows  us  paintings 
still  remaining  on  the  walls  of  the  houses,  but  also  a  great 
variety  of  delicate  articles,  extending  to  those  of  the  women's 
dressing-cases.  At  Herculaneum  we  have  even  the  writings 
of  the  time  on  papyri,  in  part  still  legible.  We  see  an 
abundance  of  men's  works  as  they  were  overwhelmed  by  the 
discharge  of  the  ashes  and  cinders  upon  them,  and  often 
in  a  condition,  after  being  thus  buried  beneath  mineral 
matter,  permeable  to  water,  for  1800  years,  which  might  not 
at  first  be  expected.  So  little  general  injury  seems  to  have 
been  sustained  by  the  town,  even  by  the  shocks  of  explosions  so 
near,  or  earthquake  movements,  that  the  crushing  in  of  house- 
tops by  means  of  the  weight  of  ashes  and  cinders,  and  the 
filling  up  of  all  comers  by  the  finer  dust,  seem  to  have  been 
the  chief  effects  produced.  Walking  in  the  street  of  tombs  at 
Pompeii  it  seems  to  require  little  else  than  the  presence  of 

being  covered  with  &Umg  matter.  It  had  the  appearance  of  calcined  pnmice- 
stone,  nearly  the  colour  of  wood  ashes ;  it  lay  in  heaps  of  a  foot  in  depth  on 
many  parts  of  the  deck,  and  several  tons  of  it  must  have  been  thrown  over- 
board ;  for  thongh  an  impalpable  powder  or  dust  when  it  fell,  it  was,  when 
compressed,  of  considerable  wdgfat  A  pint  measure  of  it  weighed  twelve 
ounces  and  three-quarters;  it  was  perfectly  tasteless,  and  did  not  affect  the  eyes 
with  a  painful  sensation ;  had  a  faint  smell,  but  nothing  like  sulphur ;  when 
mixed  with  water  it  formed  a  tenacious  mud  difficult  to  be  washed  off." 

Approaching Sumbawa  on  the  18th,  the  **  Benares"  encountered  an  immense 
quantity  of  pumice,  mixed  with  numerous  trees  and  logs  with  a  burnt  and 
shivered  appearance.  The  fall  of  ashes  at  Bima,  40  miles  from  the  volcano, 
was  so  great  as  to  break  in  the  President's  house  in  many  places.  The  Rajah 
of  Sangar  described  some  of  the  stones  which  fell  there  to  have  been  as 
large  as  two  fists,  though  not  generally  above  the  size  of  walnuts.  A  great 
whirlwind  is  mentioned  by  the  Kajah,  **  which  blew  down  nearly  every  house 
in  the  village  of  Saugar,  carrying  the  tops  and  light  parts  along  with  it. 
In  the  part  of  Saugar  adjoining  Tomboro  its  effects  were  much  more  violent, 
tearing  up  by  the  roots  the  largest  trees,  and  carrying  them  into  the  air, 
together  with  men,  houses,  cattle,  and  whatever  else  came  within  its  in- 
fluence.'* Many  thousands  of  lives  were  lost,  and  the  vegetation  of  the  north 
and  west  sides  of  the  peninsula  were  completely  destroyed,  with  the  exception 
of  a  high  point  of  land  where  the  village  of  Tomboro  previously  stood, 
and  where  a  few  trees  still  remained. — Life  ^  Sir  Stantford  Mqffleg, 
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persons  clothed  in  the  costume  of  the  place  when  overwhelmed 
by  cinders  and  ashes,  to  have  that  street  presented  to  us  as  it 
appeared  1800  years  since.  As  showing  that  not  only  bones 
may  be  preserved  under  such  conditions,  but  the  form  of 
the  flesh  which  clothed  them,  under  favourable  circumstances, 
two  remarkable  instances  have  occurred  at  Pompeii,  where 
parts  of  the  human  form  were  perfectly  preserved,  the  enve- 
loping ash  having  sufficiently  consolidated,  before  the  decompo- 
sition  of  the  fleshy  parts,  to  retain  their  external  shape.  The 
thickness  of  the  ashes  and  lapilli  which  covered  up  Stabile, 
Pompeii,  and  Herculaneum  in  79,  has  been  estimated  ajs 
varying  from  60  to  112  feet  in  depth.* 

There  are  few  things  we  can  consider  more  suddenly  de- 
structive of  terrestrial  animal  and  vegetable  life  than  these 
great  volcanic  eruptions,  particularly  within  areas  where  several 
feet  of  lapilli  and  ashes  can  be  accumulated  over  a  consider- 
able area  within  a  few  days.  The  whole  surface  previously 
clothed  with  vegetation,  with  a  multitude  of  land  molluscs  and 
insects,  with  many  birds  and  mammals,  may  be  all  covered  with 
a  thick  coating  of  these  volcanic  products ;  many  of  the  mol- 
luscs and  insects  close  to  the  plants  on  which  they  may  have 
been  feeding.  In  regions  where  bogs  prevail,  large  tracts  of 
these  vegetable  accumulations  may  be  buried,  with  any  birds, 
insects,  or  molluscs  frequenting  them,  by  a  thick  layer  of  ashes 
and  lapilli,  the  consolidation  of  which,  by  after  geological 
causes,  might  produce  the  deceptive  appearance  of  a  molten 
rock  having  flowed  over  them  without  producing  those  efiects 
which  would,  under  the  latter  supposition,  have  been  anticipated. 
Indeed,  when  we  have  to  study  the  fossil  vegetation  of  some 
regions,  a  reference  to  the  conditions  under  which  trees  and  even 
bogs  may  be  covered  by  volcanic  ashes  is  one  by  no  means  to 
be  neglected.! 

*  Danbeny,  ''Description  of  Active  and  Extinct  Volcanoes/'  2nd  edit,  1848, 
p.  221. 

t  It  is  stated  that  in  conseqnence  of  the  great  eraption  of  Skaptar-joknll  in 
1783,  the  atmosphere  OTer  Iceland  was  impregnated  with  dust  for  a  long 
time.  Traces  of  this  dust  were  obserred  in  Holland.  It  is  evident  that  bogs 
in  Iceland  may  readily  become  buried  beneath  volcanic  ashes  and  cinders  under 
snch  conditions.    We  may  take  the  great  explosion  of  the  Son£frier,  in  Onada- 
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In  tideless  seas,  terrestrial  animal  and  vegetable  substances, 
borne  down  floating  on  the  rivers,  necessarily  pass  out  over  the 
dense  waters  of  the  sea  to  various  distances,  accordmg  to  cir- 
cumstances,  and  may  be  transported  still  further  than  the  force 
of  the  river  waters  have  carried  them  by  favouring  currents, 
should  there  be  such,  or  by  winds,  the  latter  capable  of  driving 
them  about  in  various  directions,  should  they  change.  The 
body  of  a  drowned  animal,  the  decomposition  of  which  is  suf- 
ficiently advanced  to  give  it  the  specific  gravity  capable  of 
floating,  (and  it  should  be  recollected  that  it  would  float  easier 
in  sea  than  in  fresh  water,  as  regards  its  own  specific  gravity,) 
may  be  thus  drifted  a  considerable  distance  until  eaten,  or  too 
much  decomposed  to  float.  Small  animals  may  be  readily  con- 
sumed, bones  as  well  as  flesh,  by  the  larger  voracious  fish,  but 
the  bones  of  the  larger  mammals  might,  under  favouring  cir- 
cumstances, find  their  way  to  the  bottom,  even  in  deep  tideless 
seas,  like  parts  of  the  Mediterranean,  to  be  there  mingled  with 
the  remains  of  molluscs  or  other  creatures  inhabiting  the  same 
depths. 

The  observer  has,  in  like  manner,  to  consider  the  various  land 
plants  and  trees  which  can  be  carried  long  distances,  sometimes 
with  live  creatures  still  upon  them,  jiarts  of  these  subsequently, 
at  least  those  which  may  escape  the  voracity  of  marine  animals, 
scattered  over  various  depths  of  the  sea  bottom,  many  a  float- 
ing log  of  wood  seized  upon  after  a  time  by  marine  animals, 
and  either  bored  into  or  covered  by  them  as  their  habits  may 
be.  It  will  require  little  attention  to  see  how  often  the  dead 
shells  of  land  molluscs  thus  get  thrust  out  seawards,  their 
modes  of  floatation  at  first  being  such  as  to  keep  them  above 
water.  How  long  they  retain  the  positions  necessary  for  this  pur- 
pose, it  will  be  observed,  will  depend  upon  the  state  of  the  sea 
surface  at  the  time.  If,  notwithstanding  the  state  of  weather 
which  may  have  caused  floods  in  the  interior  of  adjoining  lands, 
lifting  off  the  dead  shells  from  the  low  grounds  in  multitudes, 

loupe,  in  1812,  as  an  example  of  the  destruction  of  vegetable  and  animal  life* 
and  a  considerable  covering  of  both  in  manj  places  in  a  tropical  region.  It  was 
during  this  eruption  that  ashes  were  conveyed  to  Barbadoes  hj  an  upper  current 
of  wind,  opposite  to  the  Trade  Wind« 
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the  sea  be  moderately  calm,  the  land  shells  will  be  carried  on 
with  the  river  waters,  but  if  there  be  a  breaking  sea  they  soon 
get  upset  and  sink. 

In  such  situations  we  have  also  to  regard  the  mingling  of  de- 
trital  with  organic  matter,  which  may  be  effected  by  the  push- 
ing forward  of  the  sands  and  gravel  on  the  bottom  of  the  rivers. 
Many  a  drowned  animal  may  thus  become  mixed  up  with  the 
delta  advance,  and  many  a  river  and  land  mollusc  be  included 
amid  the  general  subaqueous  drift.  Trees  often  get  entangled 
and  buried  on  the  coast,  as  well  as  floated  off  seaward. 

Thus  in  tideless  seas  we  have  the  ready  means  of  transporting 
terrestrial  and  fiuviatile  vegetable  and  animal  remains  to  various 
distances  seaward^  some,  under  favourable  circumstances,  capa- 
ble of  being  embedded  in  marine  deposits  at  various  depths^ 
while  others  are  included  amid  the  detrital  accumulations 
formed  by  the  action  of  the  rivers,  thrusting  out  silt,  sand,  and 
gravel  from  the  shores,  not  forgetting  any  calcareous  deposits 
which  may  sometimes  be  added. 

In  estuaries  we  obtain  a  state  of  things  somewhat  different. 
In  them  a  check  is  afforded  to  all  borne  floating  out  by  rivers 
at  each  flood  tide^  so  that  when  great  freshets  prevail  in  the 
rivers,  all  caught  up  by  the  floods  in  the  interior  and  floated  off 
low  grounds,  or  borne  to  the  main  streams  by  tributaries,  are 
arrested  in  their  progress.  The  floating  bodies  of  animals, 
trees,  and  smaller  plants,  are  thus  not  permitted  to  escape  di- 
rectly seaward,  but  are  lifted  by  the  height  of  the  tide  over  any 
low  grounds  bordering  the  estuary,  these  flats,  at  such  times,  being 
more  than  commonly  covered  with  water.  When  the  ebb  tide 
lowers  the  waters,  the  various  substances  floated  over  the  estuary 
lowlands  not  unfrequently  remain  upon  them,  more  particularly 
if  any  wind  prevailing  at  the  time  forces  them  on  the  edges  of  the 
flooded  lands.  There  is  often  a  curious  mixture  of  terrestrial, 
fluviatile,  estuary,  and  more  marine  animal  and  vegetable  re* 
mains  scattered  over  the  estuary  flats  after  such  floods,  more  par- 
ticularly should  it  happen,  as  it  sometimes  does  on  the  western 
parts  of  the  British  islands,  that  a  heavy  gale,  accompanied  by 
much  rain,  occurs  at  a  time  of  springtides,  so  that  the  high  tides 
combined  with  an  on-8bore  wind,  rising  the  sea  waters  still  higher^ 
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are  met  by  strong  freshets  from  the  land.  Under  ordinary  con- 
ditions, fringes  of  estuary  frici,  mingled  with  land  plants,  estuary 
crustaceans  and  molluscs  and  land  shells,  with  here  and  there 
the  remains  of  some  creature,  more  strictly  marine,  are  familiar 
to  all  visiting  estuaries. 

Although  amid  the  deltas  of  rivers  delivering  their  waters 
into  tideless  seas,  among  the  lagoons  formed  and  the  coasts  ad- 
joining, there  may  be  variable  mixtures  of  fresh  and  sea  waters, 
affording  proper  places  for  the  growth  and  increase  of  vegetables 
and  animals  fitted  for  living  in  brackish  water,  the  conditions  are 
different  from  those  of  an  estuary.  In  the  one  case  the  waters 
are  stationary,  except  so  far  as  floods  from  the  interior  may 
force  forward  an  extra  amount  of  fresh  water,  or  a  prevailing 
on-shore  wind  may  drive  in  a  greater  volume  of  sea  water ; 
while  in  the  other,  large  tracts  are  sometimes  bare  at  one  time 
and  covered  by  water  at  another,  the  amount  of  the  saline  mix- 
ture being  variable  also,  depending  on  the  state  of  the  tide  and 
the  volume  of  fresh  water  falling  for  the  time  into  the  estuary. 
And  here  it  is  necessary  to  remark  that  the  observer  should 
not  consider  as  an  estuary  one  of  those  great  indentations  of  a 
coast,  commonly  termed  an  *'  arm  of  the  sea,"  and  which  is  but 
the  consequence  of  the  sea  level  cutting  a  previously  formed  in- 
equality of  the  land  surface,  not  unfrequently  the  prolongation 
of  some  valley.  No  doubt  the  one  kind  of  coast  may  sometimes 
shade  into  the  other,  but  as  regards  the  kind  of  life  inhabiting 
estuaries^  we  should  consider  brackish  water  as  essential  to  the 
latter,  at  all  events  to  such  an  extent  that  at  low  tide  a  river, 
the  waters  of  which  become  fresh  or  brackish>  should  occupy 
the  channel  left. 

Under  the  conditions  of  an  estuary  silting  up  in  the  manner 
previously  noticed  (p.  97),  it  must  necessarily  happen  that  the 
molluscs  and  other  creatures  inhabiting  different  surfaces,  or 
small  depths  beneath  them,  died,  such  harder  parts  of  them 
as  might  be  preserved  remaining  at  levels  corresponding  with 
such  surfaces,  mingled  here  and  there  according  to  circum- 
stances, with  vegetable  and  animal  remains,  drifted  as  above 
mentioned.  An  observer  will  do  well  to  examine  the  manner 
in  which  the  different  parts  of  an  estuary  surface  may  vary  at 
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the  same  time  as  to  the  animal  life  existing  upon  it,  from  the 
creatures  inhabiting  the  little  rills  of  water  which  only  get 
checked  at  spring  tides,  otherwise  meandering  amid  the  higher 
estuary  mud  or  clay-flats,  to  those  in  or  upon  the  sands  in  the 
more  exposed  situations,  covered  by  every  tide. 

The  manner  in  which  terrestrial  animals  may  become  caught 
in  the  softer  places  should  also  receive  attention,  especially 
where  springs,  beneath  silt  and  sand,  form  quaking  or  quick 
sands  which  engulf  them,  their  bones  remaining  after  the  flesh 
has  been  consumed  by  the  scavenger  animals>  readily  finding 
their  way  amid  such  soft  ground.  An  observer  should  by  no 
means  neglect  the  foot-prints  of  terrestrial  animals,  nor  indeed 
of  any  leaving  marks  or  trails,  such,  having  lately,  and  very 
deservedly,  become  of  geological  importance.  These  foot- 
prints are  often  excellently  well  preserved  upon  the  mud  or 
clay  flats,  or  gently  sloping  grounds  of  estuaries.  Very  many 
estuaries  around  the  British  islands  afibrd  abundant  opportu* 
nities  for  the  study  of  the  mixed  foot-prints  of  birds  and  mam- 
mals upon  the  mud  or  clay,  more  especially  during  the  heats 
of  summer,  and  at  neap  tides,  when  extensive  surfaces,  covered 
at  spring  tides,  may  be  bare  and  exposed  to  the  drying  influence 
of  the  sun.  We  have  often  seen  the  foot-prints  of  common 
gulls,  where  these  birds  have  been  busy  around  some  mollusc, 
crustacean,  or  fish  drifted  on  shore,  sufliciently  in  a  fresh  state 
for  their  food^  most  beautifully  impressed  upon  clay  or  mud, 
hard  dried  by  the  sun,  the  courses  of  the  birds,  sometimes 
single,  at  others  in  pairs  or  more  numerous,  in  search  of 
more  food,  equally  well  marked,  and  again  other  confused 
foot-prints  where  such  new  food  was  found.  In  the  same  way 
the  tracks  of  other  birds  are  common,  crossed  here  and  there 
by  those  of  rabbits,  hares,  stoats,  and  weazels,  and  occasionally 
of  dogs.  In  some  localities,  after  an  area  of  mud  or  clay  thus 
trod  upon  during  the  difierence  of  time  between  the  springs 
and  the  neap  tides,  has  been  well  dried  by  the  heats  of  the 
summer  sun,  deep  cracks  formed  in  clay  by  the  loss  of  moisture, 
pieces  of  the  most  instructive  kind  may  with  care  be  taken 
away,  further  dried  and  preserved,  and  even  baked  into  a 
brick-substance,  if  the  composition  of  the  clay  be  well  suited 
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to  the  purpose.  Mingled  with  these  marts  we  have  often  also 
the  trails  of  molluscs,  as  also  those  of  estuary  crustaceans, 
striving  to  regain  the  water,  after  finding  themselves  left  by 

the  tide. 

It  might  at  first  be  supposed  that  the  rise  of  the  tides  over 
this,  for  the  time,  somewhat  hard  surface,  marked  by  the  foot- 
prints and  trails  of  different  animals,  would  entirely  obliterate 
all  traces  of  them.  How  far  this  may  be  eflected  will,  however, 
depend  upon  circumstances.  If  the  rise  of  the  tides  from  neaps 
to  springs  were  accompanied  by  much  ripple  or  waves  from 
winds,  it  would  scarcely  be  anticipated  that  the  fine  detritus 
constituting  the  mud  or  clay  would  not,  when  remoistened,  be 
readily  caught  up  in  mechanical  suspension,  so  that  all  traces 
of  foot-prints  and  trails  would  be  removed.  In  all  situations 
where  such  ripple  or  waves  could  be  felt  this  would  be  expected. 
All  parts  of  estuaries  are  rarely  exposed  to  such  influences  at 
the  same  time :  many  a  nook  remains  tranquil ;  and  in  those 
where  the  accumulation  of  detritus  is  in  progress,  films  or  fine 
layers  of  mud  succeed  each  other,  and  if  one  becomes  hardened 
before  another  is  deposited,  a  line  of  separation  more  or  less 
permanent  may  be  established  between  them.  That  this  may, 
under  favourable  circumstances,  happen,  is  proved  by  being 
sometimes  able  to  separate  the  layers  from  each  other,  after 
careful  drying,  so  that  foot-prints  are  seen  upon  many  surfaces, 
beneath  each  otiier.  We  have  been  fortunate  in  tiiis  respect 
with  some  portions  of  sun-dried  mud  of  the  Severn  estuary,  and 
Mr.  Lyell  has  pointed  out  the  manner  in  which  the  foot-prints 
of  the  sandpiper  (  Tringa  minuta)  are  not  only  preserved  in  the 
red  mud  of  the  Bay  of  Fundy  (a  locality  so  favourable  from  its 
tides,  for  the  exposiu*e  of  much  ground  at  the  neaps),  but  also 
repeated  upon  the  difierent  layers  of  accumulation. 

In  some  estuaries,  long  necks  of  sands  and  sandhills  so,  in 
part,  cross  their  mouths,  that  bays  of  still  or  comparatively  still 
water,  occasionally  of  considerable  area,  occur  behind  them, 
the  main  streams  of  tide  flowing  elsewhere.  Let  us  assume,  for 
illustration,  that  fig.  50  (p.  63)  represents  some  estuary  of  this 
kind,  and  that,  instead  of  a  shingle  beach,  d  is  sl  tract  of  sand- 
hills, perhaps  extending  several  miles  in  length,  then  e  would 
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be  the  kind  of  bay  noticed,  left  in  comparative  quiet,  as  regards 
the  stream  of  tide,  flowing  chiefly  on  the  opposite  coast.  Much 
would  of  course  depend  upon  conditions  as  to  the  kind  of 
deposit  effected  at  «,  but  under  the  supposition  that  the  set  of 
the  tides  was  such  as  not  to  cause  a  sweep  of  the  stream  round 
this  bay,  it  would  be  favourable  for  the  occasional  deposit  of 
the  finer  sediment  or  mud  borne  down  the  river,  y*,  by  floods. 
At  the  same  time  it  would  be  exposed  to  the  drift  of  sand 
from  the  sandhills,  d.  In  such  localities,  we  have  seen  the 
foot-prints  of  mammals  and  birds,  hardened  in  the  sun,  well 
strewed  over  by  the  drift  sand  from  the  sandhills ;  and  it 
should  be  observed,  that  the  same  winds  which  were  powerful 
enough  to  disturb  the  sandhills  and  cause  the  drift,  would  be 
prevented  by  the  shelter  afforded  behind  the  same  hills  from 
disturbing  the  bay  waters  near  shore,  these  waters  being  under 
the  lee  of  the  sandhills,  so  that  even  in  the  shore  and  shallow 
waters  the  sand  may  be  drifted  over  the  mud  or  clay,  filling  up 
the  hollows  of  the  foot-prints.  How  far  any  alternate  layers 
of  this  kind  may  remain  undisturbed,  must  depend  upon  cir^ 
cumstances. 

Should  the  general  surface  of  the  land  be  subsiding  gradually, 
as  regards  the  sea  level,  it  will  be  obvious  that  great  estuaries 
may  present  conditions  highly  favourable  to  the  preservation  of 
the  foot-prints  of  animals,  the  actual  remains  of  which,  amid 
the  detrital  accumulations,  may  be  most  rare.  Many  aquatic 
birds  frequenting  estuaries  at  particular  times,  often  when 
driven  to  seek  their  food  in  such  situations,  from  tempestuous 
weather  in  their  more  common  sea  haunts,  may  thus  leave  their 
foot-prints,  the  conditions  for  the  preservation  of  whose  bones 
in  the  estuary  deposits  themselves  would  be  of  the  most  rare 
kind,  indeed  not  to  be  expected,  except  under  the  accident  of 
some  individual  being  killed  when  up  the  estuary.  With  the 
more  truly  estuary  birds,  those  which  build  and  commonly  live 
on  estuary  shores,  the  case  might  be  different.  Upon  the  sup-* 
position  of  a  gradual  change  in  the  level  of  the  sea,  the  land 
descending,  we  might  have  sands  abundantly  thrust  forward 
over  clay  with  foot-prints  and  trails.     A  lowering  of  a  mass  of 
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gandhills,  partly  barring  the  mouth  of  an  estuary,  would  at 
once  place  much,  arenaceous'  matter  within  the  transporting 
influence  of  the  tidal  waters,  to  be  drifted  over  mud  flats, 
formed  previously  behind  them.  In  some  regions  the  mass  of 
sand,  either  accumulated  as  partial  and  sub-aerial  bars,  or 
more  gathered  together  by  the  sides  of  estuary  mouths,  to  be 
again  thrown  into  tides,  however  eventually  other  sandhills 
and  tracts  might  arise  (conditions  continuing  favourable), 
would  be  considerable. 

That  the  i^mains  of  cetaceans  should  be  found  amid  estuary 
accumulations,  as  also  those  of  numerous  fish,  some  of  them 
more  known  as  purely  marine  than  estuary,  will  not  surprise 
those  who  may  have  seen  the  porpoises  dashing  up  the  estuaries 
of  our  coasts  in  chase  of  fish  which  they  have  driven  before 
them,  and  their  occasional  entanglement  in  shoal  waters,  when 
left  by  a  quick-&Iling  tide.  Other  cetaceans  also  get  some- 
times stranded.  It  is  more  common  to  find  the  chased  fish, 
especially  the  smaller  fry,  driven  on  shore.  The  birds,  no 
doubt,  then  pick  up  the  fish  abundantly,  so  that  only  a  minor 
portion  may  leave  their  hard  remains  for  entombment,  and 
doubtless,  also,  the  cetaceans  often  escape  in  the  pools  where 
they  may  be  caught  upon  the  rise  of  the  tide,  but  there  are 
still  many  chances  for  the  preservation  of  the  harder  parts  of 
these  animals  amid  estuary  accumulations  which  should  not  be 
neglected. 

It  is,  however,  in  connexion  with  the  sea,  looking  at  the  evi- 
dence afibrded  us  by  the  various  fossiliferous  rocks  of  difierent 
geological  ages,  that  we  should  look  for  the  preservation  of  the 
great  mass  of  animal  remains  amid  the  detrital  and  chemical 
deposits  of  the  time.  We  have  seen  that,  by  means  of  rivers 
and  winds,  various  plants  and  animals,  or  their  parts,  may  be 
borne  into  the  sea,  and  that  in  estuaries  we  may  have  the  con- 
ditions for  a  mixture  of  terrestrial  and  marine  remains,  and  of 
others  suited  especially  to  such  situations.  In  respect  to  estu- 
aries, some  so  gradually  change  into  arms  of  the  sea,  to  be 
seen  on  the  large  scale  in  the  Gulf  and  River  of  St.  Lawrence, 
and  other  situations,  and  equally  well  in  numerous  localities  of 
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far  less  area,  in  various  parts  of  the  world,  as  for  instance^  in 
the  Bristol  Channel  and  the  Severn  estuary,  that  no  marked 
distinctions  can  be  drawn  between  the  one  and  the  other. 

Viewing,  therefore,  the  coasts  of  the  world  generally,  we  not 
only  have  to  regard  all  the  modifications  for  the  existence  of 
marine  animal  life  arising  from  the  more  or  less  exposed  or  shel- 
tered situations  of  headlands,  bays,  and  other  forms  of  shore, 
but  also  the  mingling  of  fresh  waters  with  the  sea  under  the 
various  circumstances  in  which  the  drainage  of  the  land  is  thrown 
seaward.  Let  us  consider  the  modifications  of  condition  for 
the  existence  and  entombment  of  marine  animal  life  from  Cape 
Horn  to  Baffin's  Bay.  First,  there  is  the  difference  of  climate, 
producing  modification3  of  no  slight  order,  more  especially  in 
moderate  depths.  From  Cape  Horn  to  the  West  India  Islands, 
with  the  exception  of  the  Straits  of  Magellan,  there  is  an 
unbroken  oceanic  coast,  subject  to  the  action  of  the  tides^  upon 
which  bodies  of  fresh  water  are  thrown  by  drainage  channels  in 
different  places,  the  chief  of  which  are  the  Rio  de  la  Plata,  the 
Rio  de  San  Francisco,  the  Tocantins,  the  Amazons,  and  the 
Orinoco  rivers,  delivering  the  portion  of  rains  and  melted  snows 
not  taken  up  by  the  animal  and  vegetable  life,  or  required  for 
the  adjustment  of  springs  or  other  interior  conditions  of  a  large 
part  of  South  America.  .  After  a  line  of  coast  little  broken  by 
rivers,  we  find  extensive  estuary  conditions  at  the  mouth  of 
the  Plata,  and  not  far  beyond  Lake  Mirim,  about  100  miles 
long,  a  body  of  water  apparently  cut  off  from  the  ocean  by 
coast  action,  and  draining  into  another  lake  or  lagoon,  Lago  de 
los  Patos,  having  a  channel  still  open  to  the  main  sea,  and 
about  150  miles  long,  with  an  extreme  breadth  of  about  50 
miles.  In  these  two  bodies  of  water,  receiving  the  drainage  of 
the  adjoining  land,  there  are  necessarily  modifications  of  the 
ocean  conditions  for  life,  and  for  the  entombment  of  its  remains 
outside  in  the  main  sea.  A  range  of  coast  succeeds,  to  which 
comparatively  small  rivers  discharge  themselves,  until  the  San 
Francisco  presents  itself,  and  so  on  afterwards  until  the  mouths 
of  the  Para  and  Amazons  join  in  forming  (and  including  be- 
tween them  the  Island  of  Marajo)  great  estuary  conditions,  the 
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tides  being  felt  up  the  latter  river,  it  is  stated,  600  miles,  so 
that  there  are  several  in  the  river  at  the  same  time. 

The  mouths  of  the  Orinoco  present  us  with  delta-form  accu- 
mulations, and  then  comes  the  Carribbean  Sea  influenced  by 
the  ponded-back  waters  of  the  Gulf  of  Mexico,  so  that  a  kind 
of  tideless  sea  shades  into  one  where  the  tides  are  more  felt. 
More  northerly  the  Gulf  stream  is  seen,  transporting  warmer 
waters  to  colder  regions,  and  skirted  by  a  shore^  marked  by  a 
line  of  lagoons  for  above  200  miles  on  the  coast  of  Florida,  one 
of  them  named  the  Indian  river,  about  110  miles  in  lengtli,  with 
an  extreme  breadth  of  6  miles ;  another,  the  Mosquito  lagoon, 
being  about  60  miles  long,  with  the  like  extreme  breadth. 
Thence  a  much-indented  shore,  on  tiie  minor  scale,  continues 
until  we  come  to  Cape  Fear  (Carolina),  where  the  lagoon 
conditions  obtain,  a  kind  of  barrier,  broken  by  passages  termed 
inlets,  permitting  the  ingress  and  egress  of  sea  waters.  In 
Core,  Pamlico^  Albemarle,  and  Currituck  Sounds,  we  find  a 
great  body  of  water  of  an  irregular  shape,  measuring  along 
the  line  of  barrier  separating  them,  except  where  broken  by 
inlets  from  the  ocean,  about  160  miles  in  length.  Rivers  drain 
into  this  body  of  water  in  various  directions,  so  that  estuary 
conditions  obtain  in  difierent  places,  while  the  great  barrier 
banks,  a  point  of  one  of  which  forms  Cape  Hatteras,  place  it 
under  a  modification  of  the  conditions  outside  in  the  main 
sea.  More  northward,  we  obtain  the  great  indentation  of 
Chesapeak  Bay,  with  its  minor  breaks  into  the  land,  the  chief 
of  which  is  the  Potomac ;  and  then  the  Delaware  Bay,  with  its 
river  extending  inland,  the  lagoon  coast  and  its  inlets  conti- 
nuing from  Cape  Charles  (north  entrance  of  Chesapeak  Bay) 
towards  the  Delaware,  and  from  near  Cape  Mary  (Delaware 
Bay)  about  85  miles  to  the  northward.  Next  follows  the 
mouth  of  the  Hudson,  and  the  modifications  arising  from  the 
shelter  of  Long  Island  up  the  sound  at  its  back,  the  lagoon 
character  still  apparent  on  part  of  its  ocean  coast  After  shores 
variously  indented,  we  reach  the  Bay  of  Fundy  with  all 
the  modifications  due  to  the  great  rise  of  tide  (p.  90)  at  its 
northern  extremities.     This  is  succeeded  by  the  great  estuary 
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GODditioDS  of  the  St.  Lawrence,  and  finally  the  large  indentions 
of  Baffin's  Bay  and  Strait  and  Hudson's  Bay  and  Strait,  and 
all  the  other  channels  of  the  cold  regions  of  North  America 
communicating  with  the  Atlantic  Ocean. 

It  is  impossible,  when  directing  our  attention  to  this  long 
line  of  coast,  so  variously  modified  in  character,  and  necessarily 
80  different  in  climate,  not  to  see  how  very  modified  must  also 
be  the  conditions  for  the  existence  of  life  and  the  preservation 
of  any  of  its  harder  parts.  One  contemporaneous  coating  of 
sedimentary  or  chemically  deposited  matter  must  include  the 
remains  of  very  different  creatures,  either  living  upon  or  in  the 
surface  accumulations,  as  well  as  the  vegetable  and  animal 
remains  drifted  into  it  from  the  land.  The  molluscs  inhabiting 
the  coasts  of  the  cold  regions  would  be  expected  to  differ 
materially  from  those  in  the  tropics,  and  the  plants  and 
terrestrial  animals  and  amphibious  creatures  of  the  latter 
would  vary  from  those  in  the  former.  The  organic  remains 
buried  in  the  deposits  of  the  Gulf  of  Mexico,  though  entombed 
at  the  same  time  as  those  in  Baffin's  Bay,  could  scarcely  be 
expected  to  offer  the  same  characters. 

If,  instead  of  the  eastern  coast  of  America,  we  look  to  the 
western,  the  first  marked  difference  which  presents  itself  is  the 
absence  of  great  rivers  up  the  whole  of  the  southern  Continent 
and  the  connecting  land  joining  it  with  the  wide^spread 
northern  part.  Numerous  sheltered  situations  are  to  be  found 
amid  the  islands  and  inlets  extending  from  Cape  Horn  to,  and 
including  the  island  of,  Chiloe ;  after  which,  for  about  6000 
miles  of  coast,  to  the  Gulf  of  California,  the  shores  are  little 
broken  by  indentations,  except  at  Guayaquil  and  Panama,  and 
do  not  present  a  single  estuary  of  importance  as  on  the  eastern 
side  of  the  continent.  The  mixture  of  fresh  water  with  the 
oceans  on  either  side  is  very  different,  as  are  also  the  con- 
ditions for  estuary  life  and  the  transport  of  terrestrial  and 
fluviatile  organic  remains  for  entombment  in  the  coast  sedi- 
mentary accumulations.  Even  after  we  have  passed  the  Gulf 
of  California,  and  the  Colorado  delivering  its  waters  at  its 
head,  there  is,  for  about  2000  miles,  from  Cape  S.  Lucas  to 
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Vancouver's  Island,  a  slightly  indented  coast  and  a  minor  dis« 
charge  of  drainage  waters,  with  the  exception  of  those  delivered 
by  the  Columbia  or  Oregon.  Subsequently  more  northward,  for 
about  800  miles,  islands  and  inlets  are  common,  offering  modifi* 
cations  for  the  existence  of  marine  life,  as  regards  shelter  and 
exposure  to  waves  produced  by  winds,  to  Sitka  Island  and  Cross 
Sound.  After  which  comes  the  variously  indented  coast  ex- 
tending to  the  Aleutian  Islands,  and  so  on  to  Behring  Straits. 

Though  we  have  the  same  range  through  climates,  the 
character  of  the  two  coasts  of  the  American  continent  varies  so 
materially  that  we  can  scarcely  but  expect  very  important 
modifications,  as  well  in  the  life  as  in  the  physical  conditions 
under  which  it  is  placed.  We  have  not  only  to  regard  the 
very  great  difference  in  the  amount  of  fresh  waters  discharged 
on  the  east  and  on  the  west,  with  its  consequences,  but  also  the 
ponded  waters  of  the  Mexican  Gulf  and  their  continuation  into 
the  Caribbean  Sea,  with  the  result,  the  Gulf  Stream,  on  the 
one  side  and  not  on  the  other,  not  neglecting  the  important 
difference  presented  by  the  great  Mediterranean  Sea  of  Hud- 
son's Bay  and  Baffin's  Bay  on  the  east  and  the  kind  of  coast 
found  on  the  west.  To  this  should  also  be  added  the  great 
barrier  ofiered  by  America  to  the  passage  of  tropical  marine 
animals  from  one  ocean  to  the  other.* 

It  may  be  useful  to  glance  at  the  great  modification  of  con- 
ditions on  the  western  side  of  the  Pacific.     Though  a  great 


*  According  to  M.  Aldde  d^Orbigny,  of  362  species  of  moUoscs  in  the 
Atlantic  and  Great  Oceans,  there  is  only  one  common  to  both,  Sipkonaria 
Le8soni,  Of  these  362  species,  omitting  the  last,  156  belong  to  the  Atlantic  and 
205  to  the  Great  Ocean.  He  also  remarks  that,  if  the  two  sides  of  the  American 
continent  be  compared,  the  proportion,  in  the  Atlantic,  of  gasteropod  to  lamelli- 
branchiate  molloscs,  is  85  to  71,  while  in  the  Pacific  it  is  129  to  76.  Of  95 
genera  considered  to  be  proper  to  the  shores  of  South  America,  45  only  are 
common  to  the  two  seas.  This  M.  d'Orbigny  attributes  to  the  steep  slopes  of 
the  west  side,  the  Cordilleras  rising  near  that  coast,  and  rocks  being  more 
numerous  than  sandy  shores,  so  that  gasteropods  would  be  expected  to  be  more 
common,  while  the  Atlantic  coasts  present  mud,  silt,  and  sand  in  great  abun- 
dance, with  gently  sloping  shores  for  a  large  proportion  of  its  length. — 
Becherchea  sur  lei  lots  qui  President  a  la  Dittribution  des  Mollvsque  C6Hera 
Marins.  Comptes  Fendues,  vol.  xix.  (Not.  1844).  Ann.  dea  Sciences  NaturelleSf 
Third  Series,  vol.  iii.,  p.  198  (1845). 
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portion  of  the  drainage  of  Asia  is  disposed  of  in  other  directions, 
the  surplus  waters  of  a  large  area  still  find  their  way  to  the 
east  coast.  The  Saghalian  river  throws  its  waters,  derived 
from  a  considerable  area,  behind  the  island  of  the  same  name, 
to  be  driven  into  the  Okhotsk  Sea  on  the  north,  or  the  Japan 
Sea  on  the  south,  as  the  case  may  be  ;  both  these  seas,  to  a 
certain  extent,  separated  from  the  main  ocean  by  the  range  of 
islands,  composed  of  the  Kourile  and  Japanese  islands,  ex- 
tending from  Kamtchatka  to  Corea,  the  Japan  Sea  especially, 
from  the  great  mass  of  island  land  interposing  between  it  and 
the  Pacific,  offering  the  character  of  a  Mediterranean  Sea. 

Proceeding  southerly  we  arrive  at  the  Yellow  Sea,  which 
receives  the  abundant  drainage  eflfected  by  the  Hoang  Ho 
and  its  tributaries,  and  more  southerly  still  we  find  the  body  of 
fi^sh  water  discharged  into  the  sea  by  the  Yang-tse-kiang. 
Thence,  to  the  south,  until  the  Si-kiang  with  its  tributaries 
presents  itself  in  the  Canton  estuary,  comparatively  minor 
rivers  flow  into  the  ocean,  the  coast  being  much  indented, 
smaller  rivers  and  streams  often  discharging  in  the  upper  part  of 
the  indentations. 

The  Island  of  Hainan,  with  the  great  promontory  stretching 
to  meet  it  from  the  main  Chinese  land,  forms  the  Gulf  of  Ton- 
quin,  into  which  the  San-koi  and  other  rivers  discharge  their 
waters.  The  amount  of  fresh  water  poured  into  the  sea  on  the 
eastern  coast  of  Cochin  China  is  subsequently  of  no  great 
importance,  and  it  is  not  until  we  arrive  at  the  delta  of  the 
Maikiang  or  Camboja  that  the  sea  is  much  influenced  by  the 
influx  of  fresh  waters,  an  influence  again,  however,  to  be 
repeated  at  the  head  of  the  Gulf  of  Siam,  by  the  outpouring  of 
the  Meinam,  a  river  remarkably  parallel  with  the  Maikiang  for 
about  700  miles,  the  latter  holding  a  singularly  straight  course, 
as  a  whole,  to  the  NN£,  for  about  1750  miles.*  The  re- 
maining portion  of  the  Asiatic  continent,  formed  by  the 
Malayan  promontory,  throws  no  important  body  of  fresh 
waters  into  the  sea  in  the  form  of  a  main  river. 

From  Kamtchatka  nearly  to  the  equator  we  thus  have  a 

*  Consideriiig  the  inference  to  be  correct,  aa  it  appears  to  be,  that  the 

f  jitphnm  til  th#i  nnMtr  roLrt  nf  the  MftikianiP. 
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continental  barrier,  for  the  most  part  not  wanting  in  the  outflow 
of  bodies  of  fresh  water,  sufficient  to  produce  marked  influences 
on  parts  of  the  coasts,  and  consequently  upon  the  conditions 
under  which  animal  life  may  exist  along  it,  and  the  remains  of 
terrestrial  and  fluviatile  plants  and  animals  be  drifted  outwards 
into  any  sediraary  or  chemical  deposits  now  forming  adjoining 
it.  Minor  portions  of  the  ocean  are  also,  to  a  certain  extent, 
separated  off  by  islands,  the  range  of  the  Philippines  and 
Borneo,  in  addition  to  those  mentioned,  tending  to  portion  off 
the  ocean  down  to  the  equator,  so  that,  as  a  whole,  a  marked 
modification  of  physical  conditions  is  observable  on  the  east  and 
west  coasts  of  the  Pacific  Ocean. 

From  the  equator  southward  we  have  no  longer  a  mass  of 
unbroken  land  on  the  west  to  compare  with  the  continuous 
continent  of  America  on  the  east.  A  barrier  to  the  free 
passage  of  tropical  animal  life,  supposing  other  conditions 
equal,  is  not  presented  on  the  west.  Although  much  land 
rises  above  the  surface  of  the  sea,  the  mass  of  Australia  not  so 
very  materially  of  less  area  than  that  of  Europe,  and  Borneo 
and  New  Guinea  exposing  no  inconsiderable  surfaces,  there  are 
channels  of  water  amid  them  permitting  tropical  marine 
creatures  to  extend  themselves  under  fitting  circumstances. 
Though,  with  the  exception  of  Australia,  the  various  islands  may 
not  offer  areas  sufficient  for  the  accumulation  and  discharge  of 
fresh  waters  equal  in  one  locality  to  some  of  the  great  rivers 
of  the  world,  collectively  they  embody  conditions  for  the  out- 
flow of  much  fresh  water  around  many  of  them,  so  that  estuary 
and  brackish  water  condition3  obtain,  and  consequently  physical 
circumstances  fitted  for  the  modification  of  life.  So  far  as 
the  eastern  coast  of  Australia  is  concerned,  it  presents  about 
2000  miles  of  shore  not  more  broken  or  affording  more  fresh 
water  than  the  opposite  coast  of  South  America.  The  western 
part  of  the  Pacific  differs  from  the  eastern  portion  in  the  mul- 
titude of  points  and  small  areas  throus:h  which  the  floor  of  the 
ocean  reaches  the  atmosphere,  productive  of  a  combination  of 
influences  effecting  animal  Ufe  and  the  accumulation  of  its 
harder  remains. 

While  on  this  subject,  it  may  be  well  to  call  the  attention  of 
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the  observer  to  the  material  changes  which  would  be  effected 
if,  by  any  of  those  alterations  of  the  level  of  sea  and  land 
which  the  study  of  geology  teaches  may  be  reckoned  by 
differences  very  far  exceeding  the  depths  required,  channels  of 
communication  were  established  between  the  Atlantic  and 
Pacific  oceans  by  a  sufficient  subsidence  of  the  Isthmus  of 
Panama,  or  the  communication  cut  off  between  the  Pacific  and 
Indian  oceans  by  an  uprise  of  the  land  and  sea  bottom  between 
Australia  and  the  Malayan  Peninsula,  one  stretching  through 
Timor,  Floris,  Java,  and  Sumatra.  If  the  niultitude  of  oceanic 
islands  in  the  Western  Pacific  did  not  too  much  break  up  cur- 
rents, we  may  suppose  a  certain  amount  of  ponding  up  of  waters 
inside  the  Moluccas,  Borneo,  and  the  Philippine  Islands  some- 
what resembling  that  now  effected  behind  the  West  India 
Islands,  with  perhaps  also  a  modification  of  the  Gulf  Stream, 
escaping  along  the  coast  of  China.  Startling  as,  at  first  sight, 
such  changes  may  appear,  the  geological  student  has  to  ac- 
custom himself  to  consider  modifications  in  the  distribution  of 
land  and  water,  and  elevations  and  depressions  of  a  far  more 
extended  kind  when  he  comes  to  reason  upon  facts  connected 
with  the  accumulation  and  distribution  of  mineral  and 
organic  matter  constituting  rocks,  formed  at  various  geological 
periods. 

In  the  Indian  Ocean  we  have  shores  confined  to  the  tropical 
and  temperate  regions.  For  nearly  2000  miles  the  coast  of 
Australia^  from  Cape  Leeuwin  to  Cape  Bougainville,  presents 
us  with  no  known  great  river  pouring  out  a  volume  of  water 
sufficient  to  influence  an  extended  area.  The  same  with  the 
island  range  of  Timor,  Floris,  Java^  and  Sumatra,  and  up  the 
Malay  Peninsula,  to  the  head  of  the  Gulf  of  Martaban,  where 
the  Irawady  thrusts  out  its  delta  and  discharges  a  volume  of 
fresh  water,  the  drainage  of  a  large  area.  From  thence  to 
the  mouths  of  the  Ganges  no  important  amount  of  fresh  water 
is  carried  out  into  the  sea.  The  great  volume  thrown  into  the 
sea  by  this  river  has  been  already  mentioned,  (p.  99).  Hence  to 
Cape  Comorin  we  find  rivers  of  varied  magnitude,  the  most  im- 
portant of  which  are,  proceeding  southwards,  the  Mahanuddy, 
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Godavery,  Kistna,  and  Coleroon,  draining,  with  minor  streams, 
the  great  area  of  Southern  India.  As  a  whole,  the  Bengal 
Sea  and  Martaban  Gulf  receive  a  considerable  quantity  of 
fresh  water,  the  discharge  of  which  conveys  a  mass  of  detritus 
into  the  sea,  and  produces  conditions  in  the  waters  and  the  aea 
bottom,  which,  beyond  Cape  Comorin,  are  not  found  for  about 
1000  miles,  until  we  reach  the  Gulf  of  Cambay,  into  which  the 
Nerbudda  and  other  rivers  discharge  themselves.  We  find 
another  volume  of  fresh  water  thrown  into  the  sea  by  the  Indus, 
still  more  northerly,  after  which  we  obtain  the  moderate  out- 
flow of  fresh  water  of  the  coast  of  Beloochistan,  the  great 
indentation  of  the  Gulf  of  Oman,  and  its  continuation  the 
Persian  Gulf,  the  nearly  dry  coast  of  Arabia,  to  the  Arabian 
Gulf  and  its  long-continued  indentation,  the  Red  Sea.  From 
Cape  Guardafiii  to  the  Cape  of  Good  Hope,  for  about  4400 
miles,  the  sea  seems  little  influenced  by  any  considerable  dis- 
charge of  fresh  water  on  the  coast,  excepting  in  such  places 
as  at  the  mouths  of  the  Zambesi  and  two  or  three  other 
localities. 

Looking  at  the  Indian  Ocean  as  a  whole,  any  influences 
upon  marine  animal  life  from  fresh  waters  poured  into  the  sea, 
with  the  greater  amount  of  terrestrial  and  fluviatile  plants  and 
animals  drifted  into  the  ocean  by  rivers,  would  be  chiefly  found 
in  the  Bengal  Sea  (including  the  Martiban  Gulf)  and  upon  the 
north-east  shores  of  the  Arabian  Sea,  with  one  or  two  places  on 
the  east  coast  of  Africa.  Excepting  Madagascar  and  Ceylon, 
the  area  occupied  by  islands  is  inconsiderable.  The  coasts 
bounding  it  on  the  east  are  those  chiefly  of  considerable  islands 
(the  mass  of  Australia  better  deserring  the  name  of  a  continent) 
so  that  in  the  tropical  regions  there  is  a  free  communication  by 
means  of  sea*  channels  with  the  Pacific.  On  the  west,  Africa 
bars  all  direct  communication  with  the  Atlantic,  though  at  the 
same  time  the  region  terminated  by  the  Cape  of  Good  Hope 
and  Cape  Agulhas,  trends  southward,  so  comparatively  little 
southward  of  the  tropics,  and  currents  (p.  108)  so  set  from  the 
Indian  Ocean,  round  Cape  Agulhas  and  up  the  south-western 
coast  of  Africa,  tliat  there  is  no  great  land  boundary  between 
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tropical  marine  life  in  the  one  ocean  and  the  other.*  The 
Indian  Ocean  is  now  cut  off  from  marine  communication  from 
northern  regions  (however  this  may  have  been  effected  in  for* 
mer  geological  times,  even  as  late  as  the  tertiary  period,  by 
means  of  waters  uniting  the  Red  and  Mediterranean  Seas), 
while  it  is  well  open  to  all  marine  life  which  may  enter  it, 
under  fitting  conditions,  from  the  south,  and  herein  it  differs 
from  the  Atlantic  and  Pacific  oceans,  which  range  from  the 
Northern  to  the  Southern  Polar  regions. 

In  the  run  of  the  African  coast  which  bounds  the  Atlantic 
for  so  long  a  distance  on  the  east,  fresh  waters  flowing  outwards 
through  great  drainage  channels  seem  chiefly  to  occur  at  the 
Orange  River,  the  Nourse,  the  Coanza,  and  the  Congo,  or 
Zaire,  on  the  south  of  the  equator,  and  at  the  Quorra,  Gambia, 
and  Senegal,  on  the  north.  The  coast  northward  of  the 
Senegal  bounds  for  about  1000  miles  the  Atlantic  on  the  one 
side,  and  the  great  African  Desert  on  the  other.  From  the 
Desert  to  Cape  Spartel  minor  streams  only  fall  into  the  sea. 
The  great  indentation  of  the  Mediterranean  then  succeeds. 

The  European  rivers  discharged  into  the  Atlantic,  or  the 
tidal  seas  and  channels  communicating  with  it,  are  inconader- 
able  streams  as  compared  with  the  great  rivers  of  the  world  ; 
indeed  a  large  portion  of  the  European  drainage  finds  its  way 
into  the  Mediterranean,  Black,  Caspian,  Baltic,  and  Arctic 
Seas.  Such  drainage  as  falls  into  the  Caspian  is  evaporated 
in  that  sea,  and  that  not  so  treated  in  tlie  Black  Sea  is  evapo- 
rated in  the  Mediterranean ;  with  all  that  directly  finds  its 
way  into  the  latter.  So  that  from  the  Baltic  afone  the  drain- 
age waters  of  Europe  find  their  way  into  the  Atlantic,  in 
addition  to  those  which  flow  directly  into  it  or  the  tidal  chan- 
nels and  seas  communicating  with  it  Enough,  however, 
escapes  in  this  way  to  give  a  varied  character  to  the  coast  con- 
ditions, as  regards  the  mingling  of  fresh  with  sea  waters,  under 


*  Doe  regard  has,  howerer,  to  be  paid  to  the  temperatare  of  the  carrent, 
ooDftdered  to  be  that  of  the  mean  of  the  ocean,  which  flows  for  some  distance 
up  the  west  coast  of  Africa,  from  the  Cape  of  Good  Hope,  as  also  to  that  stated 
to  nm  from  the  loath  end  of  AfHca  some  way  qp  the  eastern  coast 
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which  aquatic  life  may  be  found,  and  the  remains  of  terrestrial 
and  fluvatile  plants  and  animals  be  accumulated. 

In  the  Arctic  Ocean,  the  coasts  present  us  with  much  min- 
gling of  fresh  water  and  sea,  the  drainage  of  a  large  portion  of 
Asia  and  of  a  minor  portion  of  £urope  falling  into  it ;  part  of 
the  fresh  water  discharged  into  great  indentations  or  arms  of 
the  sea ;  such  as  the  White  Sea  and  th^  Gulfs  of  Obi,  lenise'isk, 
Khatangskii,  and  Kolima ;  part  through  deltas,  as  the  Pet- 
chora  and  Lena;  and  part  in  a  more  ordinary  form.  The 
fresh  water  so  supplied  to  the  coasts  of  these  regions  is  inter- 
rupted or  lessened  during  many  months  of  the  year  by  the 
climate ;  much  of  it  arrested  in  the  form  of  ice,  to  be  let  loose 
in  the  warmer  months.  The  ice,  also,  in  the  seas  of  these  high 
latitudes,  necessarily  modifies  the  coast  conditions  for  life  as 
it  exists  in  the  temperate  and  tropical  shores  of  the  world. 
The  drainage  delivered  into  the  same  ocean  from  North 
America  is  less  important  than  from  Europe  and  Asia.  Of  the 
North  American  rivers  flowing  into  this  ocean,  the  Mackenzie 
would  appear  the  most  important,  succeeded  by  the  Back  and 
Slave  Rivers.  The  land  and  sea  are  so  mingled  on  the  north 
coast  of  America,  and  the  ice  and  snows  so  abundant,  that  the 
shore  waters  become  much  influenced  thereby. 

Looking  to  the  Southern  Ocean,  we  find  the  ice  and  snow  of 
the  Antarctic  land  most  important,  as  regards  the  shore  con- 
ditions. A  great  barrier  of  ice,  indeed,  there  occupies  the  posi- 
tion of  the  coast  for  a  great  extent,  so  that  both  in  the  Arctia 
and  Antarctic  regions  we  have  to  regard  ice  accumulated  round 
the  land,  or  formed  in  the  sea,  as  most  materially  influencing 
the  existence  of  marine  life  and  the  preservation  of  its  remains 
amid  sedimentary  and  chemical  deposits. 

In  such  regions,  also,  we  see  the  extension  of  marine  life 
(vegetable  and  animal),  and  of  air-breathing  creatures  (birds 
and  mammals)  feeding  upon  it  beyond  the  range  of  terrestrial 
vegetation,  and  of  animals  directly  consuming  it  or  the  crea- 
tures which  first  feed  upon  it. 

Though  such  is  the  general  fact,  the  conditions  for  the  en- 
tombment of  the  remains  of  terrestrial  animal  and  vegetable 
life  in  the  Arctic  and  Antarctic  regions  are,  as  respects  the 
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present  distribution  of  land  and  sea,  different.  In  the  former^  we 
have  the  delivery  of  important  rivers  into  the  sea,  an  abundance 
of  water  discharged  out  during  the  warm  season  when  the  ice 
is  broken  up  at  their  mouths,  and  the  interior  ice  and  snows 
are  melting.  The  Obi  and  its  tributaries  alone  drain  a  large 
Asiatic  area,  extending  from  lat  47^  to  67°.  The  Jenisei, 
rising  from  the  Tangnou  and  Little  Altai  Mountains,  likewise 
flows  through  20°  of  latitude  to  70°  N.,  while  the  Lena  and  its 
tributaries,  considered  to  drain  785,565  square  (English)  miles, 
rises  (in  lat.  57°)  from  the  Jablonnoi  or  Stannovoi  mountains 
(the  eastern  portion  of  which  looks  upon  the  sea  of  Okhotsk,  a 
branch  of  the  Pacific),  delivering  itself  into  the  Arctic  Ocean, 
in  about  lat.  73''  38'  N.  Other  rivers,  also,  flow  northerly  for 
considerable  distances  from  the  south,  such  as  the  Dvina, 
Petchora,  Khatanga,  Anabara,  Olia,  Olenek,  lana,  and 
KoUma.  In  Northern  America,  also,  the  rivers,  though  not 
numerous,  flowing  northerly,  ^1  show  a  drainage  extending 
to  the  south  for  several  degrees  of  latitude,  though  much  in- 
terrupted by  lakes.*  Thus  the  Mackensie,  delivering  itself 
into  the  Arctic  Ocean  in  about  69^  N.,  flows  from  the  Slave 
Lake  by  an  outlet  in  about  61^  N.,  giving  8  degrees  of  lati- 
tude for  this  course,  during  which  the  river  receives  the  drain- 
age fix)m  the  Great  Bear  Lake.  Regarding  the  Slave  Lake 
as  a  mere  interruption,  by  which  the  waters  are  spread  over  a 
wider  space  in  a  depression^  the  waters  discharging  themselves 
by  the  Mackensie  are  derived  from  a  drainage  extending  over 
a  considerable  area  (estimated  at  about  510,000  square  miles), 
and  reaching  down  to  lat  52°  30'  N.,  by  means  of  the  Slave 
River  (running  out  of  the  western  end  of  Athabasca  Lake), 
and  the  Athabasca  (flowing  into  the  same  lake  also  at  its 
western  extremity). 

In  the  northern  parts  of  Europe  and  Asia,  3,000,000  square 
miles  of  which  have  been  estimated  as  draining  into  the  Arctic 
Ocean,  and  in  some  portion  of  North  America,  there  are. 


*  CoUecdvely,  the  lakes  of  North  America  constitate  a  marked  feature  in 
the  physical  geography  of  that  part  of  the  world.  The  volume  of  water  in  the 
chief  lakes  has  heen  estimated  at  11,300  cubic  miles. 
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therefore,  conditioius,  particularly  during  the  floods  caused  by 
the  melting  of  the  ice  and  snows,  for  thrusting  forward  the  re- 
mains of  terrestrial  and  fresh-water  life  into  tiie  northern  seas, 
there  to  be  mingled  with  detritus  upon  the  transport  and 
accumulation  of  which  ice  has  an  important  influence.  We 
should  expect  that  amid  the  intermixed  land  and  sea,  terres- 
trial animals  may  often  perish  while  crossmg  among  the  ice, 
at  times  when  the  latter  is  breaking  up  in  the  channels  and 
gul&,  and  their  bones  under  fsiyourable  conditions  preserved  in 
any  sedimentary  matter  accumulating  beneath.  No  such  condi- 
tions prevail  in  the  southern  continent,  which  navigators  have 
lately  made  known  to  us.  No  great  rivers  there  flow  out- 
wards, and  neither  terrestrial  plants  nor  animals,  directiy  or 
indirectiy  living  upon  them,  furnish  their  remains  for  mixture 
with  any  sedimentary  deposits  which  may  be  forming.  AU 
aid  which  great  river  drainages  afibrd  to  the  latter  is  cut  ofi^ 
and  the  littie  detritus  that  can  be  obtained  from  *  the  land 
seems  only  capable  of  being  so  derived  directly  in  the  few 
localities  exposed  to  the  breakers  during  the  short  period  of 
the  year  when  the  shores  are  not  bounded  entirely  by  ice.  For 
the  finer  matter,  not  ice-borne,  entombing  the  remains  of  life, 
we  may  probably  look,  as  aflbrding  the  chief  supply,  to  ashes 
and  lapilli  vomited  frt)m  volcanos,  and  scattered  over  adjacent 
seas. 

Enough  has  been  stated  to  show  the  unequal  conditions  as 
to  climate  and  the  mingling  of  fresh  with  sea  waters  along 
coasts.  The  observer  has  next  to  consider  the  varied  character 
of  the  shores  themselves  as  regards  the  shallowness  or  depth 
of  the  adjacent  seas,  and  the  modifications  of  temperature, 
pressure,  access  of  light,  and  conditions  of  intermixed  air 
thence  arising.  It  has  been  above  seen  (p.  Ill),  that  the 
volume  of  ocean  is  so  arranged  as  to  the  specific  gravities  of 
its  waters,  that  an  equal  temperature,  considered  to  be  39^  5', 
reigns  in  the  sufficiently  deep  parts  from  pole  to  pole,  water 
of  higher  temperature  rising  above  these  more  dense  waters  in 
tropical  regions,  and  of  a  lower  temperature  towards  the  poles. 
Though  this  even  temperature  may  prevail  at  the  proper 
depths,  it  is  necessarily  modified  as  the  seas  become  shallow. 


Aim)  MINERAL  ACCUHULATIONS.  163 

or  currents  may  trangport  warmer  or  colder  waters,  as  the  case 
may  be,  from  one  oceanic  area  to  another.  As  the  coasts  are 
approached  in  the  parts  of  the  world  where  warmer  waters  float 
above  those  of  39°  5',  we  there  have  conditions  under  which 
the  temperature  decreases  downwards  below  the  level  of  the 
sea  to  7200  feet,  and  upwards  in  the  air  to  the  greatest  heights 
of  land.  Viewing  the  subject  generally,  therefore,  and  as  far  as 
temperature  is  concerned,  marine  animals  which  could  support  a 
decrease  of  temperature  equal  to  about  S9^  5',  (the  surface  tem- 
perature being  taken  at  78^),  could  live  from  the  level  of  the 
sea  to  the  greatest  depths  in  the  equatorial  ocean.*  A  higher 
temperature  may  be  found  under  favourable  conditions  of 
shallow  water  and  small  tides  in  some  tropical  regions.  In  the 
polar  areas,  included  within  the  belts  of  equal  temperatures  from 
the  surface  to  the  bottom  of  the  sea,  and  within  which  colder 
waters,  as  a  whole,  float  above  those  of  89"^  5',  there  is  a  dif- 
ferent state  of  things.  Still  regarding  the  subject  merely 
with  respect  to  temperature,  the  animals  capable  of  living 
in  the  tropical  regions,  and  unable  to  support  lower  tempera- 
tures than  39""  5',  could  not  occupy  the  higher  waters. 

While  in  the  equatorial  parts  of  the  world  the  temperature 
of  the  ocean  may  not  be  very  materially  altered  on  its  surface, 
it  is  difierent  with  those  portions  of  its  higher  waters  exposed 
to  the  changes  of  winter  and  summer,  so  that  the  temperature 
of  the  surface  waters  is  there  more  considerably  modified,  espe- 
cially upon  coasts.  The  animals  living  in  the  shallow  waters  of 
such  regions  are,  therefore,  liable  to  an  amount  of  diflerence  in 
temperature  not  experienced  by  those  inhabiting  the  seas  of  the 
tropics.  This  is  more  particularly  the  case  on  the  shores  of 
tidal  seas,  with  their  estuaries,  where,  even  at  high  water, 
large  tracts  of  coasts  may  only  be  covered  by  shallow  waters, 
becoming  dry  at  low  tide. 

As  regards  mere  temperature,  though  there  may  be  little 
doubt  that  with  respect  to  the  adjustment  of  marine  animal 
and  vegetable  life  to  conditions,  its  diflerences  are  very  im- 


*  It  ▼ill  be  at  ODoe  obTious  that  this  difference  of  temperatare  is  easily  sus- 
laiDed  by  many  land  animals  in  different  parts  of  tiie  world. 


..  o 
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portant,  it  will  be  apparent  that  a  vast  volume  of  the  ocean 
might  be  tenanted  by  similar  life,  extended  over  its  floor  at 
any  depths  from  about  7200  feet  at  the  equator,  3600  in  lat. 
45°  S.,  the  surface  in  54°  to  58°  S.,  and  4500  feet  in  lat  70°  S. ; 
and,  probably,  imder  the  needful  modifications,  considering  the 
different  distribution  of  land  and  water  on  the  south  and  on 
the  north,  in  a  similar  manner  towards  the  Arctic  regions. 
Modifications,  also,  arising  in  the  various  seas  communicating 
with  the  main  ocean,  and  more  or  less  separated  from  it,  such 
as  the  Mediterranean,  in  the  western  part  of  which  the  waters 
beneath  200  fathoms  have  been  supposed  to  remain  at  about  a 
temperature  of  55°,*  must  also  be  borne  in  mind. 

With  differences  of  depth,  the  observer  has  to  consider  the 
differences  of  pressure  to  which  any  animal  or  vegetable  living 
in  the  sea  would  have  to  be  subjected,  so  that  such  life  would 
be  very  differently  circumstanced,  though  under  equal  tempe* 
ratures,  at  the  depth  of  7200  feet  at  the  equator,  and  in  the 
oceanic  regions  where  that  of  39°  5'  rises  to  the  surface.  We 
cannot  suppose  an  animal  so  constructed  as  to  sustain  a  pressure 
of  more  than  200  atmospheres  at  one  time,  and  of  2  or  3  at- 
mospheres at  another.  A  creature  inhabiting  a  depth  of  100 
feet  would  sustain  a  pressure,  including  that  of  the  atmosphere, 
of  about  60  pounds  to  the  square  inch,  while  one  at  4000  feet, 
no  very  important  depths  would  have  to  support  a  pressure  of 
about  1830  pounds  to  the  square  inch. 

Animals,  among  other  conditions  for  their  existence,  are 
adapted  to  a  given  pressure,  or  certain  ranges  of  pressure,  so 
adjusted  that  they  can  move  freely  in  the  medium,  either 
gaseous  or  aqueous,  in  which  they  live.  All  their  delicate 
vessels,  and  the  powers  of  their  muscles  are  adjusted  to  it. 


*  M.  Berard  foand,  at  a  depth  of  1200  fkthoms  (withoat  reaching  bottom), 
between  the  Balearic  Islands,  a  temperatare  of  53^  *4,  the  snr&ce  water  being 
at  69^  '8,  and  the  air  at  75^  *2.  From  other  observations  in  the  western  part  of 
the  Me<titerranean,  at  the  respectiTe  depths  of  600  and  750  fathoms,  and  another 
not  stated,  it  was  found  that  tiie  water  was  stiU  at  55°  *4,  though  the  temperatare 
of  the  surface  water  varied  materially.  M.  lyUrville  remarks  that  these  expe- 
riments accord  with  some  made  by  himself,  also  in  the  Mediterranean,  at  300» 
200,  250,  600,  and  300  fathoms,  when  he  obtained  the  respective  temperatores 
of  54®  "5,  64°  '1,  57®  3,  64®  6,  and  54°  'B.—Geological  Manual,  3rd  edit,  p.  25. 
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When  the  pressure  becomes  either  too  Kttle  or  too  great,  the 
creature  perishes ;  and,  therefore,  when  acting  freely  in  such  a 
medium  as  the  sea,  an  animal  will  not  readily  quit  the  depths 
in  which  it  experiences  ease.  All  are  aware  of  the  adjustment 
of  an  abundance  of  fish  to  the  depths,  to  or  from  which  they 
may  frequently  descend,  by  means  of  the  apparatus  of  swim- 
ming bladders.  This  arrangement,  however,  only  changes  their 
specific  gravities  as  a  whole,  the  relative  volume  occupied  by 
the  air  or  gases  in  the  swimming  bladders,  being  the  chief  cause 
of  difierence,  though,  no  doubt,  also  the  squeezing  process  at 
great  depths  would  diminish  the  volume  of  such  other  parts  of 
their  bodies,  as  were  in  any  manner  compres^ble,  the  reverse 
happening  with  a  rise  from  deep  waters  to  near  the  surface. 
So  adjusted  to  given  depths  do  these  swimming  bladders  ap- 
pear for  each  kind  of  fish,  that  it  has  been  observed  that  the 
gas  or  air  in  the  swimming  bladders  of  fish  brought  up  from  a 
depth  of  about  3300  feet  (under  a  pressure  of  about  100  at- 
mospheres), increased  so  considerably  in  volume,  as  to  force 
the  swimming  bladder,  stomach,  and  other  adjoining  parts  out- 
ade  the  throat  in  a  balloon-formed  mass.* 

While  thus  some  kinds  of  marine  animals  have  the  power  to 
adjust  their  specific  gravities  to  the  medium  in  which  they  may 
be  placed,  some  molluscs,  such  as  the  nautilus,  possessing  it, 
others  appear  unable,  under  ordinary  conditions,  to  raise  them- 
selves much  above  the  sea  bottom.  It  will  be  evident  that  the 
more  their  component  parts  are  incompressible,  and  the  fluids 
in  them  agree  with  the  specific  gravity  of  the  sea  in  which  they 
live  (and  the  specific  gravity  of  the  sea  does  not  appear  to  vary 
from  any  increase  of  saline  matters  in  it  to  great  depths, 
though  water  being  slightly  compressible,  it  will  become  more 
dense  according  to  depth),  the  less  they  would  experience  the 
difficulties  of  a  change  of  depth.  On  the  contrary,  the  more 
any  parts  may  be  compressible,  and  air  or  gaseous  matter  be 
included  in  their  bodies,  the  less  would  they  sufier  changes  of 
depth  with  impunity. 


*  PomUet,  El^menii  de  Physique  Exp^rimentale,  torn,  i^  p.  188.    Seconde 
Edition. 
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That  Kght  should  have  its  effect  upon  marine  as  upon  ter: 
restrial  vegetation  we  should  expect,  the  light  of  day  being 
important  as  well  to  one  as  the  other,  viewing  the  subject  as  a 
whole.  It  would  evidently,  also,  be  important  to  all  marine 
creatures  possessing  tlie  organs  of  vi^on,  so  that  we  should 
anticipate  that  the  great  mass  of  fish,  crustaceans  and  molluscs 
which  possessed  eyes,  would  occupy  situations  and  levels  in  the 
sea  where  they  could  obtain  the  light  needful  to  theuL  The 
Pamaiamus  Telescopium^  caught  at  considerable  depths  in  the 
Mediterranean  (near  Nice),  is  considered  to  afford  an  example 
of  adjustment  to  the  minor  amount  of  light  reaching  its  ordi- 
nary abode,  its  eyes  being  remarkable  for  their  magnitude, 
and  apparently  constructed  to  take  advantage  of  all  the  rays 
which  can  penetrate  the  depths  at  which  it  lives.  While, 
however,  light  may  be  absolutely  needed  for  the  existence  of 
some  marine  life,  it  is  not  obviously  necessary  to  others,  those 
not  possessing  eyes.  Many  marine  creatures  seem  to  flourish 
under  conditions  in  which  it  can  be  of  little  value,  at  the  same 
time  the  influence  of  light  may  often  be  of  importance  where  it 
is  not  suspected. 

It  is  not  improbable  that  to  the  power  of  obtaining  a  proper 
amount  of  disseminated  atmospheric  air  in  waters,  we  may 
look  for  a  very  important  element  in  the  existence  of  animal 
and,  indeed,  of  vegetable  life  in  the  sea.  To  the  one  and  the 
other  oxygen  seems  essential.  At  the  junction  of  the  sea  and 
atmosphere,  we  have  the  best  conditions  for  the  absorption  of 
the  air  by  water,  the  agitation  of  the  surface  from  the  friction 
of  the  atmosphere  on  the  sea,  particularly  during  heavy  gales  of 
wind,  being  especially  favourable  for  a  mechanical  mixture  of 
the  two,  assisting  the  absorption  of  the  air.  *  Of  the  amount 
of  air,  or  rather  of  the  apparently  needful  element,  oxygen,  at 
various  depths  in  the  sea,  we  seem  to  possess  no  very  definite 
information,  so  that  researches  on  tliis  head  are  very  desirable. 
From  observations  by  M.  Biot,  on  the  gaseous  contents  of  the 

*  The  fHction  of  air  apon  ft^h-water  lakes  produces  the  same  resalt,  inter- 
mingling the  air  and  water,  as  cascades  and  waterfUIs  intermix  them  in  many 
rivers,  those  especially  in  which  fish  swimming  high,  or  inhabiting  minor  depths, 
most  flottrish. 
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swimming  bladders  of  fish,  it  has  been  inferred  that  such  eon* 
tents  probably  vary  according  to  the  depths  at  which  such  fish 
live.  He  found  these  swimming  bladders  nearly  filled  with 
pure  nitrogen  when  they  were  those  of  fish  inhabiting  shallow 
waters,  and  with  oxygen  and  nitrogen,  in  the  proportion  of  tV 
of  the  former  to  tV  of  the  latter,  when  those  of  fish  living  at 
depths  of  from  3000  to  3500  feet 

According  to  M.  Aime,  the*  amount  of  air  disseminated  in 
the  waters  of  the  Mediterranean,  opposite  Algiers,  is  nearly 
constant  from  the  surface  to  the  depth  of  5250  feet.* 

We  might  assume  that,  from  its  immediate  contact  with  the 
air,  surface  waters  would  more  readily  obtain  any  needful 
dissemination  of  it  than  those  situated  at  greater  depths,  so 
that  the  mode  of  consuming  oxygen  would  be  adjusted  to  such 
conditions,  animal  life  inhabiting  great  depths  being  so  formed 
as  to  require  it  at  considerable  intervals.  In  tidal  seas  we  find 
certain  molluscs  adjusted  to  live  in  situations  exposed  to  the 
atmosphere  during  ihe  fall  of  every  tide,  while  others  inhabit 
places  always  covered  by  sea,  except^  perhaps,  at  equinoxial 
spring  tides.  From  inhabiting  shores  some  molluscs  are  com- 
monly considered  as  littoral  species,  while  others  are  well 
known  as  rarely  obtained  except  in  deep  waters. 

Although  general  views  may  have  been  some  time  enter- 
tained with  respect  to  the  modification  of  marine  life,  depend* 
ing  upon  the  temperature,  pressure,  light,  and  ability  to  pro- 
cure oxygen  under  which  it  may  be  placed,!  it  could  scarcely 
be  said  that  we  had  sufiicient  data  for  the  philosophical  con- 
^deration  of  this  subject  until  the  labours  of  Professor  Edward 
Forbes  in  the  British  and  Mgean  Seas  supplied  the  necessary 
information. 

Professor  £.  Forbes  pointed  out  that  with  regard  to  primary 
influences,  the  climate  of  the  Eastern  Mediterranean  was  uni- 


*  Comptes  Rendue  de  TAcad^mie  des  Sciences,  1843,  toI.  tyU  P-  749. 

t  The  ftathoT  entered  somewhat  at  length  on  this  sabject  in  1834,  in  his 
Researches  in  Theoretical  Geologj,  chapters  xi.,  xii.,  and  xiii.  To  this  work  a 
table  was  appended  by  Mr.  Broderip,  containing  all  the  information  then  known 
(1834)  respecting  the  depths  and  kind  of  bottom  at  which  recent  genera  of 
marine  and  estoary  shells  had  been  observed. 
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form,  and  that  the  absence  of  certain  species  in  the  iEgean 
Sea,  characteristic  of  the  Western  Mediterranean,  was  rather 
due  to  a  modification  in  the  composition  of  the  sea  water,  £rom 
the  inpouring  of  the  less  saline  waters  of  the  Black  Sea,  than 
to  climate.*  The  influx  of  river  water  produces  its  conse- 
quences ;  and  it  is  remarked  that,  among  46  species  of  testacea 
collected  on  the  shore  at  Alexandria,  there  were  4  land  and 
fresh- water  molluscs,  3  of  which  are  of  truly  subtropical  forms,  f 
so  that  while  in  one  part  of  the  Mediterranean  forms  of  this 
character  are  mingled  with  the  ordinary  marine  testacea,  in 
another,  as  at  Smyrna  or  Toulon,  the  Melanopsis  is  mixed  with 
them  near  the  former,  and  characteristic  European  Pulmonic 
fera  near  the  latter.  It  is  also  shown  by  Professor  E.  Forbes, 
that  while  vegetables  of  a  subtropical  character  may  be  borne 
down  by  the  Nile,  into  the  Mediterranean  on  the  one  side, 
accompanying  the  remains  of  crocodiles  and  ichneumons,  the 
Danube  may  transport  parts  of  the  vegetation  of  the  Austrian 
Alps,  with  the  relics  of  marmots  and  mountain  salamanders, 
the  marine  remains  mingled  with  these  contemporaneous  de* 
posits  retaining  a  common  character. 

With  respect  to  modifications  in  conditions  arising  from 
depth,  Professor  E.  Forbes  divides  the  Eastern  Mediterranean 
into  eight  regions,  each  considered  to  be  characterised  by  its 
fauna,  and  also  by  its  plants,  where  they  exist.  Certain  species 
were  found  confined  to  one  region,  and  several  were  ascer- 
tained not  to  range  into  the  next  above,  whilst  they  extended 
into  that  beneath,  or  the  reverse.  '^  Certidn  species,"  he  adds, 
^'  have  their  maximum  of  development  in  each  zone,  being 
most  prolific  of  individuals  in  that  eone  in  which  is  their  maxi- 

*"  He  attribates  to  this  cause  the  dwarfish  character  of  the  molluscs,  with  few 
exoepUons,  when  compared  with  their  analogues  in  the  Western  Mediterranean. 
"  This  is  seen  most  remarkably  in  some  of  the  more  abundant  species,  such  as 
Pecten  opercularUf  Venentpis  irua,  Venu9  fnuciatat  CardUa  trapezia,  Modiola 
barbatOf  and  the  various  kinds  of  Bulla,  Bissoa,  Fums,  and  Pleurotoma,  all  of 
which  seemed  as  if  they  were  but  miniature  representations  of  their  more  west- 
em  brethren.  To  the  same  cause  may  probably  be  attributed  the  paucity  of 
MeduMBj  and  of  corals  and  corallines.  Sponges  only  seem  to  gain  by  it»*' 
—Report  of  the  British  Association,  vol.  xii.  p.  152,  (Meeting  of  1843). 

t  AmpttUaria  ovtUa,  Paiudina  tancohr,  and  Cyrena  orientalis* 
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mum,  and  of  which  they  may  be  regarded  as  especially  cha- 
racteristic. Mingled  with  the  true  natives  of  every  zone  are 
stragglers,  owing  their  presence  to  the  action  of  the  secondary 
influences  which  modify  distribution.  Every  zone  has  also  a 
more  or  less  general  mineral  character,  the  sea  bottom  not 
being  equally  variable  in  each,  and  becoming  more  and  more 
uniform  as  we  descend.  The  deeper  zones  are  greatest  in  ex- 
tent ;  so  that  whilst  the  first,  or  most  superficial,  is  but  12,  the 
eighth,  or  lowest,  is  above  700  feet  in  perpendicular  range."* 

While  tracing  the  first  region  or  littoral  zone,  which  is  thus 
limited  to  12  feet,  all  the  modifications  arising  from  kind 
of  bottom,  rock,  sand,  or  mud,  are  shown  to  have  their  influ- 
ences, and  the  efiects  of  wave  action,  bringing  up  the  exuviae 
of  animals  inhabiting  the  next  region  beneath,  are  pointed 
out.  The  second  re^on  is  estimated  at  48  feet,  ranging  from 
2  to  10  fathoms ;  the  third  at  60  feet,  between  the  levels  of 
10  and  20  fathoms  ;  the  fourth  at  90  feet  (20  to  35  fathoms)  ; 
the  fifth  at  120  feet  (35  to  55  fathoms) ;  the  sixth  at  144  feet 
(55  to  79  fathoms)  ;  the  seventh  at  150  feet  (80  to  105  fathoms) ; 
and  the  eighth,  all  explored  below  105  fathoms,  amounting  to 
750  feet,  more  than  twice  the  depth  of  all  the  other  regions 
taken  together,  the  total  depth  amounting  to  1380  feet. 

So  complete  are  the  modifications  in  invertebrate  life,  pro- 
duced by  the  conditions  in  these  various  zones  or  regions,  that 
only  two  species  of  molluscs  were  found  common  to  the  whole 
eight — viz..  Area  lactea  and  Cerithium  lima^  ^^  the  former  a 
true  native  from  first  to  last,  the  latter  probably  only  a  strag- 
gler in  the  lowest"  Three  species  were  found  common  to 
seven  regions  ;f    nine  to  six  regions  :|  and  seventeen  to  five 


*  British  Association  Bqx)rts,  toI.  xii.,  p.  154. 

t  Nucttla  margaritacea,  Marginella  clandestituij  and  DeniaMvm  d-costa 
the  second  considered  to  have  possibly  dropped  into  the  lower  zones  from  ' 
ing  sea-vreeds. 


X  Corlnda  nucleuM, 
yietara  auptdata. 
Pandora  obittsa. 
Venus  apicalit.  | 


Modiola  harbata. 


TurriUlla  Z^licaia. 
TrifoTis  advermm. 
Columbdla  linncei, 
Cardita  trapezia. 
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regions.*  With  regard  to  geographic  distribution  and  vertical 
range  in  depth,  Professor  £.  Forbes  remarks  that  those  spedes 
which  possess  the  one  exhibit  the  other,  more  than  one-half  of 
those  haying  an  extensive  range  in  depth,  extending  to  distant 
localities,  in  nearly  every  case  to  the  British  seas,  some  still 
furtiier  north,  and  some  in  the  Atiantic,  far  south  of  the  Straits 
of  Gibraltar.  He  concludes  '^  that  the  extent  of  the  range  of 
a  species  in  depth  is  correspondent  with  its  geographical  dis- 

tribution.*'t 

As  regards  the  influence  of  light,  Professor  E.  Forbes  pre- 
sents us  with  facts  connected  with  the  molluscs  and  other 
animals,  deserving  much  attention  and  extended  research,  due 
allowances  being  made  for  the  modifications  produced,  as  he 
points  out,  and  to  be  attributed  in  many  cases  to  an  abundance  of 
nuUipores^  and  to  a  beautiful  pea-green  sea-weed,  Caulerpa 
prolifera.  The  majority  of  shells  in  the  lower  zone  were  found 
to  be  white,  or,  when  tinted,  of  a  rose  colour,  few  exhibiting 
any  other  hues.  In  the  higher  zones,  Uie  shells,  in  a  great 
many  instances,  exhibited  bright  combinations  of  colour.  The 
animals  also  of  the  Testacea  and  Radiata,  in  the  higher  zones, 
were  much  more  brilliantly  coloured  than  the  lower,  where 


I 


*  Netara  cogtellata. 
Tellina  pulchella, 
Yemu  ovata. 
Cardxta  squaTnoscu 
Area  tetragona, 
Pecten  pol^morpha, 
— —  hyalinus, 
varitta. 


Crama  ringent, 
^cUica  pulchella, 
BiMoa  ventricoaa, 

cindcoides. 

■         reticuiata. 
Tirochtu  exiguus, 
Columbella  nuiica. 
Conus  mediterraneus. 
Tarebratula  detruncata. 


t  Reports  of  British  Association,  toI.  xii.  p.  171. 

**  If,"  observes  the  Professor, "  we  inquire  into  the  species  of  MoUosca  wUch 
are  common  to  foar  out  of  the  eight  iEgean  regions  in  depth,  we  find  that  there 
are  38  snch,  21  of  which  are  either  British  or  Biscay  an,  and  2  are  donbtfaUy 
British;  whilst  of  the  remaining  15,  6  are  distinctly  represented  by  correspond*' 
ing  species  in  the  nortii.  Thus  among  the  Testacea  having  the  widest  range  in 
depth,  one-third  are  Celtic  or  northern  forms :  whilst  oat  of  the  renudnder  of 
JEgean  Testacea,  those  ran^g  through  less  than  four  regions,  only  a  little 
above  a  fifth  are  common  to  the  British  seas.  One  half  of  the  Celtic  forms  in 
the  ^gean,  which  are  not  common  to  four  or  more  zones  in  depth,  are  among 
the   cosmopolitan  Testacea,  inhabiting    the  uppermost  part  of  the  littoral 


Eone." 
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they  are    usually  white,   whatever  the  colour  of  the  shell 
may  he.* 

The  researches  of  Professor  £.  Forbes  have  led  him  not  only 
to  attach  great  value  to  the  bottom  in  or  on  which  marine 
animab  may  live  (and  it  will  be  obvious  that  creatures  whose 
habits  may  be  suited  to  mud  would  find  themselves  ill  at  ease 
upon  rocky  ground  alone),  but  also  to  point  out  the  effects 
produced  by  the  accumulation  of  the  harder  parts  of  successive 
generations  of  marine  animals  upon  the  same  bottom,  thus,  in 
fact,  altering  its  condition,  so  that  they  may  die  out  from  this 
increase.f  He  considers  that  until  the  old  conditions  be  re- 
stored by  a  new  accumulation  of  detrital  matter  different  from 
that  presented  by  the  animal  exuvias,  the  same  animals  would 
not  find  the  kind  of  bottom  suited  to  them  ;  and  the  geological 
bearing  of  this  view  is  shown  to  illustrate  the  bands  or  layers 
of  fossils  so  frequently  found  interstratified  with  common  sedi- 
mentary matter. J    In  conclusion.  Professor  E.  Forbes  adverts 

*  Professor  E.  Porbes  adds,  **  In  the  seventh  region,  white  species  (of  Tes- 
tacea)  are  also  very  abundant,  though  by  no  means  forming  a  proportion  so 
great  as  in  the  eighth.  Brownish-red,  the  prevalent  hne  of  the  Brachiopoda, 
also  gives  a  character  of  colour  to  the  fiiuna  of  this  xone ;  the  cmstacea  found  in 
it  are  red.  In  the  sixth  zone,  the  colours  become  brighter,  reds  and  yellows  pre- 
vailing, generaUy,  however,  unifbrmly  colouring  the  shell.  In  the  fifth  region, 
many  species  are  banded  or  clouded  with  various  combinations  of  colours,  and  the 
number  of  white  species  has  greatly  diminished.  In  the  fourth,  purple  hues 
are  fk^uent,  and  contrasts  of  colour  common.  In  the  second  and  third,  green 
and  blue  tints  are  met  with,  sometimes  very  vivid,  but  the  gayest  combinations 
otoiAovr  are  seen  in  the  littoral  zone,  as  well  as  the  most  brilliant  whites." 

Bespecting  the  colour  of  the  animals  of  Testacea,  the  genus  Drochua  is 
selected  as  **  an  example  of  a  group  of  forms  mostly  presenting  the  most  bril- . 
liant  hues  both  of  shell  and  animal ;  but  whilst  the  animals  of  such  species  as 
inhalnt  the  littoral  zone  are  gaily  chequered  with  many  vivid  hues,  those  of  the 
greater  depth,  though  their  shells  are  almost  as  brigfatiy  coloured  as  the  cover- 
ing of  their  allies  nearer  the  surfkce,  have  their  animals  for  the  mo8|  part  of  an 
uniform  yellow  or  reddish  hue  or  else  entirely  white."  Beports  Brit.  Assoc, 
vol.  xii.  p.  173. 

t  He  illustrates  this  point  by  beds  of  scallops  (Pecten  opercvlaris),  or  of 
oysters,  which,  when  considerably  increased,  give  rise  to  a  change  of  ground 
hj  the  accumulation  of  their  shells,  so  that  the  race  dies  out,  and  the  shelly 
bottom  becomes  covered  over  by  sedimentary  matter. — Edinburgh  New  Phil. 
Jomrnalf  vol.  xxxvi.,  p.  324.    . 

t  In  his  paper  on  the  light  thrown  on  Geology  by  Submarine  Besearches, 
being  the  substance  of  a  communication  made  to  the  Boyal  Institution  of  Great 
CD  the  83rd,Febniaryi  1844  (Edinburgh  New  Phil.  Journal,  vol. 
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to  the  evidences  of  the  existing  fauna  of  the  JEgean  which 
would  he  presented  if  its  hottom  were  elevated  into  dry  land^ 
or  the  sea  filled  up  by  sedimentary  deposits.  While  the  re- 
mains of  some  animals  would  afibrd  the  needful  evidence  of 
their  existence,  and  occur  under  circumstances  whence  the 
probable  depths  at  which  they  lived  might  be  inferred :  of  other 
animals,  very  abundant  in  the  present  seas,  no  trace  would  be 
found.* 

While  Professor  E.  Forbes  was  thus  investigating  the  con- 
ditions under  which  marine  life  existed  in  the  Eastern  Medi- 


xxxyi.,  p.  818,  1844),  Professor  E.  Forbes,  while  remarking  on  all  -varieties  of 
sea  bottom  not  beiug  eqaally  capable  of  sustaining  animal  and  vegetable  life, 
observes,  "  In  aU  the  zones  of  depth,  there  are  occasionally  more  or  less  desert 
tracks,  nsoally  of  sand  or  mad.  The  few  animals  which  freqaent  such  tracts, 
are  mostly  soft  and  nnpreservable.  In  some  muddy  and  sandy  districts,  how- 
ever, worms  are  very  numerous ;  and  to  such  places  many  fishes  resort  for  food. 
The  scarcity  of  remains  of  testacea  in  sandstones,  the  tracks  of  worms  on  ripple- 
marked  sandstones,  which  have  evidently  been  deposited  in  a  shallow  sea,  and 
the  fish  remains  often  found  in  snch  rocks,  are  explained  in  a  great  measure  by 
these  fiicts." 

*  The  fi)Uowing  are  the  inferences  on  this  head,  inferences  extremely  valu- 
able respecting  the  animal  life  existing  at  difierent  geological  periods : — 

"  U  Of  the  higher  animals,  the  marine  Vertebrata,  the  remains  would  be 
scanty  and  widely  scattered." 

'*  2.  Of  the  highest  tribe  of  Mollusca,  the  Cepholopoda,  which  though  poor 
in  species  is  rich  in  individuals,  there  would  be  but  few  traces,  saving  of  the 
Sepia,  the  shell  of  which  would  be  found  in  the  sandy  strata  forming  parts  of 
the  coast  lines  of  the  elevated  sea-bed," 

'*  S.  Of  the  Nudibranchous  Mollusca  there  would  not,  in  all  probability,  be  a 
trace  to  assure  us  of  their  having  been ;  and  thus,  though  we  have  every  reason 
to  suppose  firom  analogy  that  those  beautiful  and  highly  characteristic  animniff 
lived  in  the  tertiary  periods  of  the  earth's  history,  if  not  in  older  ages,  as  well 
as  now,  there  is  not  the  slightest  remain  to  tell  of  their  former  existence." 

«  4.  Of  the  Pteropoda  and  Nucleobranchiata,  the  shelMess  tribes  would  be 
equally  lost  with  the  Nudibranchiata,  whilst  of  the  shelled  species  we  should  find 
their  remuns  in  immense  quantity,  characteristic  of  the  soft  chalky  deposits 
derived  firom  the  lowest  of  our  regions  of  depth**' 

"  5.  The  Brachiopoda  we  should  find  in  deeply-buried  beds  of  nullipore  and 
gravel,  and  from  their  abundance  we  could  at  once  predict  the  depth  in  which 
those  beds  were  formed.*' 

<*  6.  The  Lamellibrancluate  mollusca  we  should  find  most  abundant  in  the 
soft  clays  and  muds,  in  snch  deposits  generally  presenting  both  valves  in  their 
natural  position,  whilst  such  species  as  live  on  gravelly  and  open  bottoms  would 
be  found  mostly  in  the  state  of  single  valves." 

"  7.  The  testaceous  Gasteropoda  would  be  found  in  all  formations,  but  more 
abundant  in  gravelly  than  in  muddy  deposits.    In  any  inferences  we  might 
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terranean,  it  fortunately  so  happened  that  Professor  Loven 
was  engaged  in  researches  leading  to  general  and  similar  con* 
elusions  respecting  the  modifications  in  marine  life  on  the  coast 


viflh  to  draw  regarding  the  northern  or  soathem  character  of  the  fiiima,  or  on 
the  dimate  nnder  which  it  existed,  whether  from  nniyalTes  or  biTalTes,  our 
conclnnons  would  Tary  according  to  the  depth  in  which  the  particular  stratom 
examined  was  found,  and  on  the  class  of  mollnsca  which  prerailed  in  the  loca- 
lity explored." 

**  8.  The  Chitons  would  be  found  only  in  the  state  of  single  yalyes,  and  pro- 
bably but  rarely,  for  such  species  as  are  abundant,  living  among  disjointed 
masses  of  rock  and  rolled  pebbles,  which  would  afterwards  go  to  form  conglo- 
merate, would  in  all  probability  be  destroyed,  as  would  also  be  tiie  case  with 
the  greater  number  of  sublittoral  Mollusca." 

**  9.  The  MoUusca  tuniceUa  would  disappear  altogether,  though  now  forming 
an  important  link  between  the  Mediterranean  and  more  northern  seas.** 

**  10.  Of  the  Arachnodermatous  Radiata,  there  would  not  be  found  a  trace, 
unless  the  membranous  skeleton  of  the  Velella,  should,  under  some  peculiarly 
&vonrable  circumstances,  be  preserved  in  sand." 

**  11.  Of  the  Echinodermata,  certain  species  ot  Echinus  would  be  found  en- 
tire ;  species  of  CidariSf  on  account  of  Uie  depth  at  which  that  animal  lives, 
would  not  be  uufrequent  in  oertiun  strata,  as  the  region  in  which  it  is  fbund 
bounds  the  great  lowermost  region  of  chalky  mud ;  the  spines  would  be  found 
occasionally  in  that  deposit,  fiir  removed  from  the  bodies  to  which  they  belonged. 
Starfishes,  saving  such  as  live  on  mud  or  sand,  would  be  only  evidenced  by  the 
occasional  preservation  of  their  ossicula.  Of  the  extent  of  their  distribution 
and  number  of  species  no  correct  idea  could  be  formed.  Of  the  numerous  Holo- 
thuriada  and  Sipuneulida,  it  is  to  be  fisared  there  would  be  no  traces.  The 
single  Crinoidal  animal  would  be  easily  preserved  entire,  but  its  ossicula  and 
cap-like  base  would  be  found  in  the  more  shelly  deposits." 

"12.  Of  the  Zoophyta,  the  corneous  species  might  leave  impressions  re* 
sembling  those  of  Graptolites  in  the  shales  formed  from  the  dark  muds  on 
which  they  live.  The  Corals  would  be  few,  but  perhaps  plentiful  in  the  shelly 
beds,  mostly  however  fragmentary.  The  Cladocora  ccespitoaa,  where  present, 
would  infiUlibly  mark  the  bounds  of  the  sea,  and,  from  the  size  of  its  masses, 
might  be  preserved  in  conglomerates  where  the  testacea  would  have  perished. 
The  AdinuB  would  have  disappeared  altogether." 

"13.  Of  tiie  sponges,  traces  might  be  found  of  the  more  siliceous  spedes 
when  buried  nnder  &vonrable  circumstances." 

"  14.  The  Articulata,  except  the  shelled  annelides,  would  be  for  the  most  part 
in  a  fragmentary  state." 

"15.  Foraminifera  would  be  found  in  all  deposits,  their  minuteness  being 
their  protection ;  but  they  would  occur  most  abundantly  in  the  highest  and 
lowest  beds,  distinct  spedes  being  characteristic  of  each.'* 

"16.  Tracts  would  be  found  almost  entirely  deficient  in  fossils,  some,  such 
as  the  mud  of  the  Gulf  of  Smyrna,  containing  but  few  and  scattered;  whilst 
similar  muds  in  other  localities  would  abound  in  organic  contents.  On  sandy 
deposits,  formed  at  any  considerable  depth,  they  would  be  very  scarce  and  often 
altogether  absent.    Fossilifierous  strata  would  generally  alternate  with  such  as 
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of  Norway.  Though  both  localities  are  so  far  similar  that  the 
shores  are  for  the  most  part  rocky,  and  deep  water  to  be  often 
obtained  near  the  coast,  they  differ  as  to  climate,  and  as  to  the 
sea  being  tideless  in  the  Eastern  Mediterranean  and  oceanic  off 
Norway.  While  adverting  to  the  modifications  of*  life  at  dif- 
ferent depths,  Professor  Loven  attributes  much  of  the  charac- 
ter of  the  submarine  life  off  the  coasts  of  Norway  to  rariations 
in  the  sea-bottom,  always,  however,  making  allowances  for  the 
depth, '^^  thus  agreeing  with  the  general  views  of  Professor 
Forbes. 


contain  few  or  no  organic  remains.  Whilst  at  present  the  littoral  zone  presents 
the  greatest  nomber  and  variety  of  animal  and  vegetable  inhabitants,  including 
those  most  characteristic  of  the  Mediterranean  Sea,  when  upheaved  and  conso- 
lidated, their  renuuns  would  probably  be  imperfect  as  compared  with  those  of 
the  natives  of  deeper  regions,  in  consequence  of  the  vicissitudes  to  which  they 
are  exposed,  and  the  rocky  and  conglomeratic  strata  in  which  the  greater  num- 
ber would  be  embedded.  A  great  part  of  the  conglomerates  and  sandstones 
found  would  present  no  traces  of  animal  life,  which  would  be  most  abundant  in 
the  shales  and  calcareous  consolidated  muds." — Prof.  E.  Forbes'  Reports,  Brit. 
Association,  vol.  xii.  p.  176. 

*  Professor  Loven  observes,  **  As  to  the  regions,  the  littoral  and  laminarian 
are  very  well  defined  everywhere,  and  their  characteristic  species  do  not  spread 
very  txr  out  of  them.  The  same  is  the  case  with  the  florideous  Algs,  which  is 
most  developed  nearer  to  the  open  sea.  But  it  is  not  so  with  the  regions  from 
15  to  100  fiithoms  (90  to  600  feet).  Here  there  is  at  the  same  time  the  greatest 
number  of  species,  and  the  greatest  variety  of  their  local  assemblages ;  and  it 
appears  to  me,  that  their  distribution  is  regulated,  not  only  by  depths,  currents, 
&c.,  but  by  the  nature  of  the  bottom  itself,  the  mixture  of  clay,  mud,  pebbles,  &c. 
Thus,  for  instance,  the  many  species  of  Amphidesma,  Nuenla,  Natica,  Eulima, 
Dentalinm,  &c.,  which  are  characteristic  of  a  certain  muddy  ground  at  15  to  20 
fathoms,  are  found  together  at  80  to  100  ^thorns.  Hence  it  appears,  that  the 
spedes  in  this  region  have  generally  a  wider  vertical  range  than  the  littoral, 
laminarian,  and  perhaps  as  great  as  the  deep  sea  coral.  The  last-named  region 
is  with  us  characterised,  in  the  south,  by  Oculina  ramea  and  Terebratnla,  and  in 
the  north,  by  Astrophyton,  Cidaris,  ^S^Miton^ifs/mrpureiisof  an  immense  sue,  all 
living,  b€95ides  Gk)rgonisB  and  the  gigantic  Alcyonium  ar&oreiim,  which  continues 
as  fkr  down  as  any  fisherman's  line  can  be  sunk.  As  to  the  point  where  animal 
life  ceases,  it  must  be  somewhere ;  but  with  us  it  is  unknown.  As  the 
vegetation  ceases  at  a  line  ftr  above  the  deepest  regions  of  animal  life,  of  course 
the  soophagous  moUusca  are  altogether  predominant  in  these  parts,  while  the 
phytophagous  are  more  peculiar  to  the  upper  refj^ons.  The  observation  of 
Professor  £.  Forbes,  that  British  species  are  found  in  the  Mediterranean,  bat 
only  at  greater  depths,  corresponds  exactiy  with  what  has  occurred  to  me.  la 
Bohuslan  (between  Gottenburg  and  Norway),  we  found,  at  80  fiithoms,  species 
which,  in  Finmark  (on  the  north),  may  be  readily  collected  at  20,  and  on  the 
last-named  coast,  some  species  even  ascend  into  the  littoral  region,  which,  with 
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While  marine  life  is  thus  found  adjusted  to  different  zones 
of  depth  on  the  ocean  shores  of  Norway  and  the  east  part  of 
•the  Mediterranean,  always  carefully  considering  the  local  and 
physical  conditions,  it  becomes  the  more  interesting  to  have 
direct  evidence  of  the  adjustments  which  maybe  effected  on  the 
great  and  gentle  slopes  bounding  some  coasts,  such  as  those  so 
important  on  the  eastern  coasts  of  America.  Respecting  these 
great  detrital  fringes  off  coasts,  among  which  may  be  classed^ 
though  very  small  comparatively,  the  shallow  seas  around  the 
British  islands,  the  area  of  which  inside  depths,  not  exceeding 
600  feet,  will  be  seen  by  reference  to  fig.  65  (p.  105),  we  should 
anticipate  disturbing  conditions  much  affecting  the  distribution 
of  some  portion  of  the  marine  life  upon  them.  With  regard  to  a 
knowledge  of  the  distribution  of  marine  life  in  the  British  seas, 
we  are  indebted  to  the  researches  of  Professor  £.  Forbes,  com- 
menced anterior  to  those  undertaken  in  the  ^gean  Sea.*  It 
was  while  prosecuting  these  researches  that  he  ascertained  the 
value  in  these  investigations  of  the  power  of  mollusca  to  mi- 
grate, t  He  has  pointed  out  that  they  do  so  in  their  larva  state, 
ceasing  '^  to  exist  at  a  certain  period  of  metamorphosis,  if  they 
do  not  meet  with  favourable  conditions  for  their  development, 
i.  e.y  if  they  do  not  reach  the  particular  zone  of  depth  in  which 
they  are  adapted  to  live  as  perfect  animals."} 

Professor  E.  Forbes  divides  the  British  seas  into  four  zones  of 
depth :  1,  the  Littoral ;  2,  the  Laminarian ;  3,  the  Coralline ; 

US  here  on  the  wmth,  keep  within  10  to  11  fbthoms." — On  the  Bathymetrical 
dittfUmtum  of  submarine  life  on  the  northern  thoree  qf  Secmdinavia^—Bn^h 
AModatkm  Reports,  Notices,  and  Abs.raots,  vol.  xiii.,  p.  50. 

*  The  first  notice  of  them  was  pnblished  in  the  Edinburgh  Academic 
Annual  for  1840. 

t  In  1840  he  gave  a  summary  of  scTen  years'  observations  at  a  particular 
season  of  the  year. — Annale  of  Natural  History y  toI.  ir. 

X  Edinburgh  New  Phil.  Journal,  toI.  xxxvi.,  p.  325, 1844.  Speaking  of  the 
manner  in  which  the  larva  and  eggs  may  be  transported,  it  is  observed  that,  "  if 
tbey  (the  larvtt)  reach  the  region  and  ground  of  which  the  perfect  animal 
is  a  member,  then  they  develop  and  flourish;  but  if  the  period  of  their 
development  arrives  before  they  have  reached  their  destination,  they  perish, 
and  their  fragile  shells  sink  into  the  depths  of  the  sea.  Millions  and  millions 
nrnst  thns  perish,  and  every  handflil  of  the  fiue  mud  brought  up  from  the  eighth 
zone  depth  in  tiie  Mediterranean,  is  literally  filled  with  hundreds  of  these 
curious  eznyise  of  the  larvn  of  mollusca." 
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and,  4,  the  Coral.  *  The  littoral  zone  lies  between  high  and  low 
water  mark,  varying  in  extent  according  to  the  rise  and  fall  of 
tide,  and  the  shallowness  or  depth  of  the  shore.  ^^  Throughout 
Europe,  wherever  it  consists  of  rocky  it  is  characterized  zoologi- 
cally, by  species  of  Zi^mTza;  botanically,  by  CoroZ/tTza ;  where 
sandy y  by  the  presence  of  certain  species  of  Cardium^  Tellituiy 
and  Solen ;  where  gravelly ^  by  Mytilus ;  where  muddy y  by 
Lutraria  and  FullastraJ^  The  littoral  is  divisible  into  minor 
zones.f  The  Laminarian  zone  is  the  belt  commencing  at  low- 
water  mark,  and  extending  to  the  depth  of  7  to  15  fathoms  (42 
to  90  feet).  Algae  are  common,  and  numerous  animals  inhabit 
the  forests  composed  of  them.  ^^  Among  the  mollusca,  the 
genera  Lacuna  and  Rissoa^  the  Patella  pelludda  and  Itsvisy 
Pullastra  perforans  and  vulgaris^  and  various  ModiolcB  are 
especially  characteristic  of  this  zone,  and  numerous  zoophytes 
and  Radiaiay  especially  Echinus  sphcera^  Tubularia^  Actinea 
senilis^  though  ranging  both  higher  and  lower,  are  more  prolific 
here  than  in  any  of  the  other  regions."  Lastly  comes  the 
NulUpora^  bounding  the  marine  vegetation  in  depth,  and  rarely 
ran^ng  down  to  more  than  120  feet  in  our  seas.;]; 

The  region  of  corallines  is  so  termed  from  the  greatest  abun- 
dance of  corneous  zoophytes,  nrhich  appear  to  take  the  place  of 
plants,  being  found  in  it.    The  carnivorous  mollusca  are  abun- 

*  These  zones,  originally  pointed  out  in  1840,  are  considered  to  have  been 
established  by  sabseqnent  researches  (Memoirs  of  the  Geological  Soryey  of  Great 
Britain,  toI.  i.,  p.  371,  1846).  Professor  Forbes  remarks  that  the  two  first 
regions  had  been  prerioosly  noticed  by  Lamonrouz,  in  his  aocoant  of  the  vertical 
distribntion  of  sea  weeds ;  by  Andouin  and  Milne  Edwards  in  their  observations 
on  the  natural  history  of  the  coast  of  France ;  and  by  Sars,  in  the  pre&ce  to  his 
Bagtiyelser  og  Jagtivelser. 

t  A  table  of  the  characteristic  animals  and  plants,  of  four  snb-zones,  is  given 
in  Professor  Forbes'  Memoir  on  the  Geological  Relations  of  tiie  existing  Fauna 
and  Flora  of  the  British  Isles. — Memoirs  cf  the  Geological  Survey  of  Great 
Britain^  vol.  i.,  p.  373. 

X  Professor  £.  Forbes  points  out,  that  the  Nullipora  likewise  bounds  marine 
vegetable  life  in  the  Mediterranean,  where  it  descends  to  420  and  480  feet 
With  respect  to  the  depths  to  which  marine  vegetable  life  extends,  he  remarks, 
that  it  does  so  fiuther  than  b  commonly  supposed,  stating  that  in  the  Eastern 
Mediterranean,  CodiumJlabeUiformais  found  at  30  fiithoms,  MicrodictyonvXdO 

horns,  Rityphlaa  tinctorea  at  50  fathoms,  Chrysymenia  uvaria  at  50  fiithoms, 

ctyomenia  volubilis  at  50  fiithoms,   Cotutantinea  reni/ormis  at  50  fathoms* 

1  Nullipora  polymorpha  at  95  &thoms  (570  feet). 
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dant,  species  of  Fusus^  Pleurotamaj  and  Buccinum  are  com- 
mon, and  many  species  of  Trochus  are  found ;  NaticcBy  Fis- 
surettcBj  EmarffinukBy  VeliUincBy  CapuIuSy  EulinuBy  and  Chem- 
nitzice  are  abundant;  and  among  bivalves,  Artemis^  Venus, 
Astarte,  Feceen,  Lima,  Area,  and  Nucula.  "  Numerous  and 
peculiar  Radiata,  including  the  largest  and  most  remarkable 
species,  abound,  and,  for  number,  variety,  and  interest  of 
the  forms  of  animal  life  in  the  British  seas,  this  region  tran- 
scends all  others."*  This  zone  extends  from  about  90  to  about 
300  feet,  its  greatest  development  being  between  150  and  210 
feet. 

The  fourth  region  is  that  of  deep-sea  corals,  and  is  local. 
The  greater  part  of  the  area  of  the  British  seas  does  not  attain 
the  depth  at  which  this  zone  commences.  Professor  E.  Forbes 
considers  this  region  as  hitherto  but  very  partially  explored. 
**  As  far  as  we  know,"  he  observes,  "  it  is  well  characterized 
by  the  abundance  of  the  stronger  corals,  the  presence  in  quan- 
tity of  species  of  the  Dentalium-lSkQ  genus  of  Annelides,  called 
Ditrupa,  by  a  few  peculiar  Mollusca,  and  by  peculiar  Echino- 
dermata,  as  Astrophyton  and  Cidaris,  and  Amorphozoa,  as 
Teihya  cranium.  All  our  British  Brachiopoda  inhabit  this 
xone,  and  probably  range  throughout  it."t 

The  advance  thus  made  will  be  sufficient  to  stimulate  other 
observers,  so  that  at  no  very  distant  period  a  valuable  mass  of 
evidence  may  be  anticipated.^     Probably  the  general  views, 

♦  Forbes,  Mem.  Geol.  Survey  of  Great.  Britain,  vol.  i.  p.  374. 

t  Professor  E.  Forbes  remarks  respecting  the  Brachiopoda,  that  when  found, 
in  certain  localities,  in  more  shallow  water  among  the  corallines,  there  are 
reasons  for  believing  that  their  oocnrrence  there  may  be  explained  by  geological 
dianges  affecting  the  conditions  of  the  sea  bottom. 

We  would  refer  for  a  valuable  view  of  the  characteristic  plants  and  animals 
inhabiting  the  four  zones  into  which  the  area  of  the  British  seas  has  been 
divided,  to  the  table  given  by  Professor  E.  Forbes,  in  his  Memoir  on  the 
Geological  Relations  of  the  existing  Fauna  and  Flora  of  the  British  Isles, 
Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  i.,  p.  375. 

X  When  we  recollect  that  under  favourable  circumstances  the  officers  of  our 
Navy  and  of  our  Merchant  Service,  may  render  great  assistance  to  this  inquiry, 
when  properly  conducted,  it  is  to  be  hoped  that  we  may  eventually  obtain, 
through  their  exertions  alone,  more  extended  facts  connected  with  the  subject 
Under  their  care  the  dredge  might  often  be  applied  with  advantage;  and  if 
spedmens  of  the  animals  obtained  were  stowed  away  safely,  properly  ticketed. 
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based  on  the  local  investigations  above  noticed,  may  be  found 
capable  of  extensive  application.  However  this  may  be,  it 
can  scarcely  but  happen  that  an  accumulation  of  additional 
data  would  most  materially  aid  the  progress  of  the  geological 
inferences  to  be  deduced  from  the  mode  of  occurrence  of  organic 
remains  in  rocks. 

With  respect  to  the  littoral  zone,  that  most  influenced  by 
climate,  while  in  tideless  seas,  or  those  where  tides  are  of  little 
consequence,  the  marine  animals  inhabiting  it  are  under  con- 
ditions of  slight  change,  as  regards  the  Vertical  rise  and  fall  of 
water ;  in  tidal  seas  the  case  is  different.     In  tidal  seas  many 
littoral  molluscs   are   exposed   to   atmospheric  influences  for 
difl^erent  periods,  those  near  high-water  mark  the  longest ;  so 
that  while  the  latter  may  remain  uncovered  by  water  six  or 
eight  hours  at  a  time,  those  nearer  low-water  mark  may  be 
so  for  only  an  hour  or  two,  some  merely  for  a  short  time  at 
spring  tides.     Neap  tides  also  leave  a  belt  surrounding  land, 
the  higher  part  of  which  is  only  covered  by  water  for  a  few 
days  at  a  time,  and  then  only  at  spring  tides.    It  thus  happens 
that  while  in  the  tropics  the  littoral  zone  may  not  be  under 
very  material  changes  of  temperature  during  the  year,  this 
condition,  looking  at  the  subject  as  a  whole,  gradually  shades 
off  on  either  side  towards  the  polar  regions,  where  the  water 
becomes  solid  along  shore  for  part  of  the  year,  and  the  coasts  are 
often  only  partially  clear  in  the  summer,  portions  being  still 
subject  to  the  occasional  pressure  of  floes  and  masses  of  ice. 
In  certain  intermediate  regions  all  animals  and  plants  inha- 
biting the  distance  between  high  and  low-water  mark,  with  its 
modifications  according  to  the  state  of  the  tide,  must  be  adjusted 
to  sustain  the  extremes  of  a  long  range  of  temperature,  in 
order  to  support  the  atmospheric  changes  to  which  they  are 
exposed.   The  differences  of  temperature  observable  round  the 
British  Islands,  notwithstanding  the  advantage  of  their  position, 
are  sufiiciently  considerable  to  produce  a  movement  among 


for  the  examination  of  competent  natoralists,  far  more  would  be  known  in  the 
^ext  half  century  touching  the  distribution  of  marine  life*  particularly  at  depths 
rhere  surface  waves  could  not  so  act  as  to  drive  its  remains  on  shore,  than 

jonld  be  accomplished  by  naturalists  alone,  however  zealous. 
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many  marine  animals,  as  is  well  known,  so  that  certain  of  them 
are  only  seen  close  in  shore,  among  the  pools  left  by  the  tide, 
in  the  warmer  season.  Others  again  appear  organized  to  sus- 
tain a  considerable  change  of  temperature,  .We  have  seen  the 
common  limpet  (Patella  vulgaris)  apparently  doing  well  on  our 
coasts,  at  temperatures  of  92°  (close  to  the  rock),  and  of  24"", 
a  range  of  OS"".  As  far,  therefore,  as  temperature  is  con- 
cerned, such  a  mollusc  could  live  in  the  ocean  waters,  and  at 
any  depths,  in  all  parts^  except  in  the  higher  portions  of  the 
sea  during  the  winter  months  in  the  icy  regions.  Its  organi- 
zation is  no  doubt  adjusted  to  a  littoral  life,  and  to  changes  of 
temperature,  as  part  of  the  littoral  conditions  in  such  climates 
as  that  of  the  British  Islands,  but  the  amount  of  change  which 
it  can  in  this  manner  support,  may  make  us  careful  at  giving 
too  much  importance  to  temperature  alone  in  the  distribution 
of  marine  animal  life.  Once  beneath  a  moderate  depth  of 
sea,  the  mass  of  water  is  less  acted  upon  by  atmospheric  influ- 
encesy  and  the  adjustment  to  the  specific  gravities  of  water  at 
different  temperatures  is  such  as  to  produce  much  uniformity 
in  the  temperature  of  the  deeper  zones,  and  minor  modifications 
in  those  above  them ;  in  the  warmer  regions  tending  to  keep 
the  sea  temperature  beneath  that  of  the  atmosphere,  and  in  the 
colder  to  raise  that  of  the  water  above  it.  As,  therefore,  the  sea 
level  is  approached,  so,  as  a  whole,  must  the  animals  inhabiting 
the  higher  zones  be  adjusted  to  support  changes  in  the  tem- 
perature of  the  sea  in  those  regions  where  the  heat  in  summer 
begins  to  have  an  appreciable  influence  on  the  sea  waters,  as 
respects  the  cold  experienced  in  winter. 

Quitting  coast  conditions,  and  regarding  the  ocean  beyond 
the  depths  of  200  or  300  fathoms,  we  have  a  large  area,  on  the 
bottom  of  which  we  have  no  reason  to  suppose  any  vegetation 
exists,  seeing  that  observations  on  coasts  would  lead  us  to  con- 
clude that  the  needful  conditions  for  its  growth  terminated  at 
comparatively  very  minor  depths.  All  phytophagous  marine 
creatures  would  not  be  expected  beyond  their  ability  to  obtain 
the  food  fitted  for  them,  while  the  carnivorous  animals  have 
necessarily  the  power  to  extend,  vertically  and  horizontally,  far 
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beyond  the  growth  of  marine  vegetation,  however  this  vegetation 
may  support  the  mass  of  life  upon  which  the  carnivorous  animals 
have,  as  a  beginning,  to  feed.  In  the  region  of  the  Sargasso 
weed,  we  have  an  example  of  a  floating  vegetation,  tending  to 
support  animal  life,  and  forming  the  abode  of  multitudes  of 
marine  creatures  in  the  open  sea.  This,  however,  is  an  ex- 
ception to  the  general  fact  of  the  absence  of  marine  vegetation 
in  the  open  ocean,  except  so  far  as  stray  portions  of  sea-weed, 
borne  by  currents  from  coasts,  may  be  concerned. 

In  the  oceanic  depths  there  exist,  apparently,  conditions 
under  which  some  portions  of  the  remains  of  the  fish,  crusta- 
ceans and  molluscs,  to  be  found  on  the  surface  above,  may  be 
preserved.  Although  much  may  be  consumed  and  continued 
in  the  mass  of  life  so  inhabiting  the  surface,  from  time  to  time 
some  part  of  the  harder  portions  of  animals  may  descend  to 
the  bottom,  assuming  that  the  specific  gravity  of  such  remains 
be  such  as  to  permit  their  fall  through  the  water.*  Shells  of 
the  lanthina  communis^  having  a  specific  gravity  of  2  *  66,  and 
of  the  Nautilus  umbiKcatus  with  that  of  2 '64,  would,  after 
the  fleshy  matter  of  these  molluscs  was  decomposed  or  con- 
sumed, and  no  air  entangled  in  the  interior  of  the  shells,  be 
capable  of  descending  to  any  depths  which  we  may  consider  at 
all  probable  in  the  ocean,  supposing  its  saline  contents  not  to 
materially  difibr  in  depth,  and  the  compressibility  of  sea  water 
such  as  experiments  upon  fresh  water  would  lead  us  to  infer. 
We  may  thus  have  the  remains  of  marine  animals  scattered 
over  the  bottom  of  the  ocean  floor,  in  certain  localities  espe- 
cially, as  also  those  of  stray  animals  drifted  from  coasts, 
attached  to  sea-weeds  or  pieces  of  wood,  both  of  which  decom- 
posing, the  harder  portions  of  these  animals  may  fall  to  the 
bottom  at  great  depths.     It  can  scarcely  be  supposed  that  all 

*  With  respect  to  tlie  compressibility  of  the  ocean  waters;  aooording  to 
Poisson  (NoaveUe  Th^orie  de  1' Action  Capillaire,  p.  277)  it  would  require  a 
pressure  equal  to  1100  atmospheres  to  reduce  water  six-hundredths  of  its 
volume.  In  the  experiments  of  M.M.  Colladon  and  Sturm,  water  not  deprived 
of  air,  was  compressed  equal  to  47  *  85  milliontbs  for  each  atmosphere,  and 
deprived  of  air,  equal  to  49*65  millionths.  The  experiments  of  M.  CErsted 
gave  a  compression  of  46*  65  millionths  for  each  atmosphere.  Water  containing 
ttltB  in  lolution  was  tband,  as  might  be  expected,  somewhat  less  compressible. 
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the  logs  of  wood  bored  by  the  Teredo,  or  covered  over  by  the 
common  barDacle,  Anatifa  striata,  are  drifted  on  shore,  and 
that  they  do  not  often  become  so  decomposed  as  to  permit  the 
descent  of  the  harder  parts  of  these  animals  to  the  bottom. 
Indeed,  we  might  anticipate  a  somewhat  singular  mixture  of 
the  harder  parts  of  some  marine  animals  in  different  parts  of 
the  ocean,  especially  in  the  vicinity  of  islands  rising  out  of 
considerable  depths,  such,  for  example,  as  near  Hawaii,  Mani, 
and  other  islands  of  the  Sandwich  group. 

Returning  to  the  coast,  we  find  with  the  plants  the  marine 
animal  life  feeding  upon  it,  from  that  exposed  to  the  atmo- 
sphere at  low  water,  on  tidal  shores,  to  that  only  known  by 
dredging  and  fishing.  Those  accustomed  to  examine  the  rocky 
shores  of  tidal  seas  well  know  how  much  sea-weed  may  be 
cast  on  shore  in  the  little  bays  and  creeks,  or  be  drifted  to  the 
larger  bays^  during  and  after  heavy  gales  of  wind,  producing 
breakers  on  such  coasts^  and  which  tear  up  the  marine  plants, 
especially  towards  low-water  mark,  where  during  calmer  times 
they  may  have  been  abundantly  produced.  A  sandy  bay  be- 
yond a  long  line  of  steep  rocky  coast,  the  latter  exposed  to 
some  heavy  gale  during  the  rise  and  fall  of  several  successive 
tides,  so  that  sea-weeds,  detached  by  the  breakers  from  it,  are 
driven  by  wind  and  tide  into  the  bay,  will  be  often  seen  by  the 
observer  to  have  its  beach  covered  in  various  places  with  matted 
masses  of  these  plants.  Frequently,  as  might  be  expected 
from  the  forces  employed,  these  lines  of  sea-weed  are  cast  up 
high  on  the  beach,  beyond  the  reach  of  calmer  seas  to  float 
them  off  again.  They  will  there  be  disposed  of  according  to 
the  climate.  In  warm  countries,  or  in  the  summer  months  of 
the  temperate  regions,  they  soon  decompose,  and  their  re- 
mains, not  borne  off  in  a  gaseous  form,  become  intermingled 
witli  the  beach.  An  observer,  by  studying  the  sections  of  sandy 
beaches  exposed  by  rills  or  small  streams  of  water,  may  occa- 
sionally find  irregular  layers  of  black  carbonaceous  matter,  the 
result  of  the  decomposition  of  masses  of  sea-weeds  cast  on 
shore,  intermingled  with  the  ordinary  sand,  and  in  some  locali- 
ties, parts  of  a  shingle  beach  will  be  seen  with  an  abundance 
of  intermixed  sea-weed  in  a  decomposed  or  decomposing  state. 
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He  may  also  find  the  light  matter  of  decomposed  sea-weeds 
borne  to  deeper  waters  in  sheltered  situations,  its  entombment 
in  such  places  depending  upon  the  disturbance  to  which  it  may 
be  subsequently  exposed,  and  the  amount  of  ordinary  sedi- 
mentary substances  which  may  collect  permanently  over  it.  In 
some  localities  much  mud,  black  with  carbonaceous  matter 
thus  derived,  may  be  accumulated. 

Molluscs,  living  among  the  sea-weeds  thus  detached  and 
cast  on  shore,  are  occasionally  observed  to  be  entangled  amid 
the  plants,  their  harder  parts  remaining  intermingled  with  the 
sands  or  shingles  after  the  decomposition  of  the  plants,  so  that 
the  shells  of  rock -frequenting  molluscs  become  embedded  with 
those  of  others  living  in  and  upon  sands.  The  little  Patella 
pellucida  is  very  commonly  thrown  on  shore  on  our  coasts,  ad- 
hering to  the  cavity  it  has  made  for  itself  at  the  root  of  some  large 
fucus,  and  which,  indeed,  has  weakened  the  power  of  the  plant 
to  keep  its  place  when  acted  on  by  the  sea  in  heavy  gales.  It 
is  also  very  common  to  find  drifted  marine  creatures  of  other 
kinds  entangled  in  these  masses  of  detached  sea- weeds ;  on 
some  coasts  the  remains  of  crustaceans  being  abundant. 

With  regard  to  steep  coasts,  vertical  or  nearly  vertical  clifls 
plunging  suddenly  into  deep  water,  if  may  happen  that  mol- 
luscs, feeding  upon  marine  plants  growing  at  various  depths, 
and  themselves  inhabiting  different  depths,  according  to  their 
kinds,  get  knocked  off^  by  the  sea.  While  those  uninjured  may 
again  recover  their  positions,  a  few  perish,  and  their  shells 
be  preserved  in  sand,  silt,  or  mud,  with  the  remains  of  other 
molluscs  living  on  such  bottoms ;  so  that  the  remains  of  littoral, 
shallow,  and  deep-water  molluscs  become  preserved  together 
in  the  same  deposit.  Molluscs  as  they  die  must  have  their 
shells  washed  away  by  the  sea  on  such  coasts,  and  thrown  into 
deep  waters.  Some  account  also  has  to  be  taken  of  birds 
picking  the  animals  out  of  shells  which  they  may  have  obtained 
upon  the  rocks  at  low  tide,  or  have  brought  from  adjacent  bays 
•vhere  they  may  have  been  cast  alive  or  recently  killed  on 
ire.  We  have  seen  the  common  oyster-catchers  busy 
)cking  off  and  eating  limpets  upon  projecting  portions  of 
ep  coasts,  leaving  the  shells,  all  of  which,  when  there  is 
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breaker  action,  must  have  been  washed  into  deep  water  as  the 
tide  rose.  All  such  circumstances  have  to  be  considered  upon 
the  steep  coasts  of  the  world,  of  which  there  is  no  want,  many 
fathoms  of  depth  being  found,  with  occasionally  a  few  projec- 
tions in  different  places,  close  along  shore,  various  marine 
vegetables  and  animals  occupying  zones  of  the  depths  best 
suited  to  them.  The  sea  adjoining  some  of  the  ocean  islands, 
where  great  depths  are  obtained  all  round,  may,  perhaps, 
afford  some  of  the  best  conditions  for  collecting  together  the 
remains  of  marine  life  which  had  inhabited  different  zones  of 
depth. 

While  the  remains  of  marine  animals  which  have  existed  in 
different  zones  of  depth,  with  the  modifications  due  to  sheltered 
and  exposed  situations  and  other  variations  of  conditions,  may 
be  collected  either  in  the  immediate  vicinity  of,  or  at  no  great 
distance  from,  steep  coasts,  it  is  in  tidal  seas,  to  the  fringes  of 
detrital  or  chemically-formed  matter  around  the  chief  masses 
of  land,  rising  above  the  sea,  that  we  look  for  the  preservation 
of  the  great  amount  of  organic  remains.  Indeed,  the  modifica- 
tions of  the  actual  coasts  as  to  depth,  are  commonly  but 
variations  of  the  manner  in  which  these  sub-marnie  fi'inges  join 
the  sub-aerial  portions  of  the  solid  land.  Such  fringes  may  be 
regarded  as  forming  extensive  plains  on  the  margins  of  tidal 
seas  (here  and  there  a  projecting  mass  of  rock  rising  above 
them),  with  usually  a  somewhat  gentle  slope  to  the  depth  of 
600  to  1000  or  1200  feet,  after  which  they  appear,  as  a  whole, 
to  descend  more  abruptly.  Gentle  as  the  slope  may  be,  the 
differences  of  depth  appear  sufficient,  as  above  stated,  for  the 
modification  of  life  upon  it,  so  that  ffhile  some  animals  live 
near  the  coast,  others  keep  far  out  in  the  deeper  water 
While  some  portion  may  be  enabled  to  live  at  varied  depths, 
there  exists  a  mass  of  life,  the  remains  of  which  would  be 
entombed  far  from  shore  in  one  case,  and  near  it  in  the  other, 
and  not  commingled,  as  in  the  case  of  steep  coasts,  and  adjoin- 
ing deep  seas.  A  glance  at  the  charts  of  a  large  portion  of 
the  eastern  side  of  the  American  continent  will  show  how  far 
separated,  horizontally,  such  masses  of  remains  may  be. 
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Let  it,  for  illustration,  be  supposed  that  the  following  map 
fig.  69)  represents  an  extcDded  line  of  coast,  so  that  1,  1 ; 


2,  2 ;  and  3,  3,  are  parallels  of  latitude  sufficiently  distant  from 
each  other  to  render  surface  temperature  different  enough  to 
be  important  as  regards  marine  life.  Let  W  hea  line  of  coast 
extending  from  north  to  south,  and  //'  the  outer  verge  trf 
soundings  off  the  same  coast,  a  more  sudden  increase  of  depth 
taking  place  at  this  vei^  into  the  area^^'j  equal  depths,  or 
zones  being  represented  by  the  lines  a  a,  b  b',  c  c',  d  tf,  and  e  e'. 
For  still  further  illustration,  we  have  supposed  a  large  river 
(r)  to  deliver  itself  upou  the  coast.  Upon  such  a  sub-aqueous 
area,  we  have  the  conditions  for  the  entombment  of  the  remains 
of  the  life  distributed  over  it  in  certun  bends,  coinciding  with 
depths  ranging  in  lines  with  the  coast,  and  with  the  power  of  tidal 
and  wave  action  upon  the  detritus  thrust  forward  by,  or  carried 
in  mechanical  suspension  out  of,  the  river,  in  addition  to  any 
sedimentary  matter  directly  obtained  from  the  coast.  The 
effect  of  the  river  waters  in  rendering  the  shore  water  brackish 
would  vary  in  depth,  according  to  circumstances,  the  ten- 
dency of  such  waters,  from  their  relative  specific  gravity,  being 
to  float  above  the  eca  water,  and  not  to  be  much  mingled  with 
the  latter  to  any  great  amount  of  depth,  though,  upon  the  ebb 
tide,  brackish  water  might  be  carried  along  shore  if  the  tide 
took  that  course.    Different  states  of  the  weatlier  would  modify 
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the  conditions  for  the  mixture  of  fresh  and  sea  waters.  Thus 
during  heavy  on-shore  gales  of  wind,  and  freshets  in  the  rivers, 
as  are  often  combined  on  the  western  portions  of  the  British 
Islands,  the  conditions  for  mingling  sea  and  river  waters  are 
more  favourable  than  during  calm  weather. 

Let  us  suppose  the  following  section  (fig.  70)  to  represent 
(though  upon  a  very  exaggerated  scale)  that  of  the  map  (fig.  69) 

c  Fig.  70. 


a  b  being  the  sea-level,  c,  coast,  and  d^  e,/,  ^,  difierent  depths 
of  sea,  and  A,  the  more  sudden  descent  into  deep  water.     In 
tideless  seas  these  various  depths  would  remain  undisturbed, 
except  by  movements  arising  from  the  waves  produced  by  the 
winds  above,  unless,  indeed,  there  be  currents  acting  in  such  seas. 
In  tidal  seas  th6  case  would  be  so  far  difierent,  that  the  level 
of  the  sea  itself  would  be  altered  during  every  tide ;  on  some 
coasts  making  a  change  of  many  feet.  With  this  change  of  level, 
any  motion  on  the  waters  produced  by  waves  above  would  also 
descend  more  or  less  deep,  supposing  equal  wave  action  on  the 
surface.    In  addition,  the  sweep  of  the  tidal  stream  will  extend 
to  the  depths  it  may,  according  to  conditions,  reach,  and  occa- 
sionally an  ocean  current  may  range  sufficiently  near  a  coast 
to  act  on  the  bottom,  the  shores  of  ocean  islands  sometimes 
offering  conditions  for  the  latter.     We  have  now  to  consider 
that  while  the  shells  of  molluscs  may  often  remain  in  the  mud, 
silt,  or  sand  which  the  animals  may  frequent,  penetrating  into 
them  to  various  depths,  according  to  their  habits,  so  that  such 
remains  are  preserved  after  their  death  in  the  position  usually 
occupied  by  the  molluscs,  numerous  other  shells  remaiu  on  the 
surface  to  be  acted  upon  in  the  manner  of  any  inorganic  sub- 
stance. 

That  shells  are  so  scattered  about  multitudes  brought  up 
by  the  arming  of  the  sounding  lead  abundantly  attest.  More- 
over, collections  of  certain  species  are  found  to  mark  particular 
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portions  of  aoundings  off  given  coasts.  Thus  off  the  shores  of 
the  British  Islands,  charts  give  localities  as  marked  by  Hakes 
teetky  as  they  are  termed  i  commonly  nothing  else  than  a  multi- 
tude of  the  shells  of  Dentalium  scattered  over  particular  areas. 
Other  collections  of  shells  are  equally  well  known.  "While 
these  shells  scattered  over  the  sea  bottom  are  often  either  the 
entire  hard  parts  of  univalves,  or  single  and  uninjured  valves 
of  the  bivalves,  at  other  times  they  are  crushed  or  broken. 
Whether  in  the  one  state  or  the  other,  according  to  their  spe- 
cific gravities,  volume  and  form,  will  they  be  acted  upon  by 
streams  of  tide,  by  ocean  currents  sweeping  within  suificient 
depths,  or  by  surface  wind-wave  action  transmitted  to  the 
bottom.  With  respect  to  specific  gravities,  though  there  is 
apparently  much  variation  in  this  respect,  the  floating  molluscs 
being,  some  of  them  at  least,  provided  with  shells  of  compa- 
ratively minor  specific  gravity,  the  range  seems  something  be- 
tween 3  •  67  and  2  •  85.*  With  equal  forms  and  volumes,  frag- 
ments or  rounded  grains  of  a  great  proportion  of  marine 
shells  would  apparently  be  specifically  heavier  than  grains  of 
quarts  and  rock  crystal  (2*63 — 2*65),  of  common  felspar 
(2-53— 2-60),  of  albite  (2-61— 2-68),  and  of  chlorite  (2-71), 
while  they  would  be  lighter  than  mica  (2-94).  In  all  sorting 
processes  carried  on  by  surface-wave  action  transmitted  to  the 


*  The  author  obtained  the  following  specific  gravities  of  a  few  marine  sheUs, 
some  years  since. — Researches  in  Theoretical  Geology,  1834|  p.  76. 


Argonauta  taberculosos 
Nautilus  mnbilicatns  . 
lanthina  oommunis  • 
Lithodomus  dactylos  . 
Teredo  (great,  East  Indies) 
Haliotis  tnbercnlatus  • 
Cyprina  vulgaris  . 
MytiluB  bilocularis  .  • 
Strombus  gigas  .     .     • 


2*43 
2*64 
2*66 
2'67 


2 
2 
2 
2 
2 


68 
70 

77 

77 

■77 


Chiton  .... 
Pholas  crispata  .  • 
Cytherea  maculata  • 
Bulla  .... 
Voluta  musica  . 
Cassis  testiculos  • 
Strombus  gibberulus 
Pyrula  melongena  • 
Tellina  radiata  •     • 


2-79 
2*82 
2-83 
2-83 
2*83 
2*83 
2*83 
2-84 
2*85 


It  is  not  improbable,  that  if  experiments  on  this  head  were  much  multiplied* 
individual  differences  would  often  be  found  in  the  same  species.  While  the 
shell  of  the  Argonauta  tuhereulonts  is  lighter  than  pure  Sassex  chalk  (2*49),  and 
that  of  Haliotis  tuherculaius  is  eqnal  in  specific  gravity  to  Carrara  marble 
(2*70),  the  greater  numbers  exhibit  a  packing  of  articles  more  approaching 
Arragonite. 
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bottom,  or  in  the  pushing  of  loose  matter  forward  by  streams 
of  tide  and  ocean  currents,  this  has  to  be  considered. 

The  forms  of  shells  or  their  fragments,  except  they  hare 
been  ground  down  to  rounded  grains  by  breaker  action  on 
beaches,  commonly  agree  little  with  those  of  the  sedimentary 
matter  among  which  they  lie  superficially  mixed.  When, 
therefore,  we  have  to  regard  any  movement  of  water  around 
whole  shells  or  their  fragments,  their  forms  become  important, 
as  also  the  mode  in  which  they  may  be  exposed  to  any  moving 
force  employed.  Thus  the  same  shell,  if  a  conical  univalve, 
would  offer  a  different  resistance,  according  as  it  might  be 
placed  with  its  apex  or  its  base  to  the  moving  water,  when 
acted  upon,  though  we  might  expect  that  the  moving  water 
would  soon  turn  such  body  so  that  its  apex  would  be  pre- 
sented to  the  line  of  action.  With  the  valve  of  a  bivalve,  its 
hold  on  a  bottom  of  sand  or  silt  would  be  very  difierent, 
whether  it  were  turned  with  the  margin  of  the  valve  down* 
wards,  or  merely  rested  upon  some  part  of  its  bombed  surface. 
How  far  the  valve  of  a  shell  could  be  transported  along  the 
bottom  without  being  upset,  will  depend  on  very  obvious  con- 
ditions ;  and  in  all  cases  we  have  to  consider  that  shells,  or 
their  fragments,  having  a  specific  gravity  rarely,  perhaps^  ex- 
ceeding 2*85,  and  often  presenting  forms  readily  moved,  are 
not  difficult  of  transport  in  a  medium  of  the  specific  gravity  of 
1-027— 1-028. 

Referring  to  the  plan  and  section  above  given  (figs.  69  and 
70),  the  observer  will  have  to  distinguish  between  the  remains 
of  those  molluscs  which  may  die  amid  the  mud,^silt,  or  sand, 
and  so  have  their  harder  parts  preserved  in  the  situations  where 
they  lived,  and  the  remains  on  the  surface  of  the  sea  bottom. 
How  far  these  may  retain  their  positions  relatively  to  the  zones 
of  depth  suited  to  their  animals,  will  depend  upon  the  circum- 
stances above  noticed.  Looking  at  the  subject  generally,  they 
would  be  liable  to  be  moved  at  the  depth  at  which  surface- 
wave  ai'tion  could  reacli,  and  therefore  to  be  moved  shore- 
wards  in  shallow  waters;  so  that  the  remains  of  molluscs 
accumulated  near  the  coast  in  the  zones  ft  a  /,  1/  a  V  (fig.  69), 
varying  in  the  depths  bd^  de  (fig.  70),  would,  at  the  proper 
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depths,  have  surface-wave  action  added  to  tidal  streams,  which 
were  able  to  transport  the  shells  or  their  fragments,  tending  to 
move  them  on-shore.  In  the  outer  zone  ef  (fig.  69),  and  at 
the  depths/^  (fig.  70),  the  efiects  of  the  tidal  movement  may 
not  only  be  little  felt,  but  also  any  action  upon  the  bottom 
from  surface-waters  be  inappreciable.  Still  further  out,  in  the 
deep  waters  g  (fig.  69),  or  h  (fig.  70),  there  may  be  no  move- 
ment sufficient  to  produce  transport  of  loose  matters  on  the 
bottom,  even  by  ocean  currents.  There  may,  therefore,  be 
movements  in  the  water  producing  considerable  mixtures  of 
the  remains  of  molluscs  in  shallow  situations,  extending  even 
to  the  casting  of  shells  or  their  fragments  upon  the  shore,  from 
depths  depending  upon  various  local  modifications  of  the  causes 
of  transport  above  noticed. 

On  many  exposed  ocean-coasts  we  have  even  the  accumu- 
lation of  sandy  dunes,  composed,  for  the  most  part,  of  frag- 
ments of  mollusc  shells  ground  down  to  sand,  these  cast  on 
shore  and  dealt  with  by  winds  in  the  manner  of  common  sand. 
The  western  coasts  of  Ireland,  Scotland,  and  of  part  of  Eng- 
land, afibrd  good  examples  of  this  fact* 

The  study  of  the  manner  in  which  the  shells  of  molluscs, 
and  the  harder  parts  of  marine  animals  generally,  are  thrown 
on  shore,  the  depths  from  which  they  may  be  borne  by  the 
action  of  on-shore  waves  and  breakers,  the  various  arrange- 
ments of  whole,  broken,  or  comminuted  shells  in  layers,  from 
their  accumulation  like  ordinary  detrital  matter  at  various 
depths  in  the  sea  to  their  rejection  upon  the  land,  is  one  which 
will  amply  reward  the  observer  anxious  to  compare  the  manner 

*  This  shell  sand  is  often  employed  as  manure ;  it  is  known  to  have  been  so 
employed  in  Cornwall  in  the  reign  of  Henry  III.  A  charter  of  Richard,  King 
of  the  Romans,  granting  the  liberty  of  taking  this  sand  for  manure,  was  con- 
firmed by  Henry  III.  (Lysons,  "  Mag.  Brit,"  Cornwall,  p.  ccciii,  who  cites  Rot. 
Chart.,  45  Hen.  III.)  Carew  notices  the  use  of  it  in  his  Survey  of  Cornwall 
(1602),  and  it  is  largely  employed  for  agricultural  purposes  to  the  present  day. 
Mr.  Worgan,  in  1811,  estimated  the  cost  of  the  land  carriage  of  this  sand  in 
Cornwall  at  more  than  30,000Z.  per  annum.  Large  quantities  are  obtained  at 
the  Dunbar  Sands,  in  Padstow  Harbour,  the  annual  amount  estimated  at  100,000 
tons.  It  has  been  calculated  that  5,600,000  cubic  feet  of  sand,  chiefly  composed 
of  comminuted  sea-shells,  is  annually  taken  from  the  coasts  of  Cornwall  and 
Devon,  and  spread  over  the  land  in  the  interior  as  a  mineral  manure. — Report 
on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset  (1839),  p.  470. 
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in  which  these  remains  are  now  distributed  and  arranged  with 
that  of  the  remains  found  in  the  fossiliferous  rocks.  He  may 
at  times  see  the  pushing  action  of  the  small  wash  of  the  sea 
driving  the  larger  shells  and  their  fragments  before  it  into 
conyenient  localities,  there  accumulating  in  a  mass  those  which 
may  have  been  distributed  by  breaker  action  along  a  line  of 
coast,  while  at  others  he  will  find  the  shells  jammed  in  amid 
the  joints  and  crevices  of  rocks  so  firmly  that  they  become 
difiScult  to  remove. 

The  induration  of  sands  formed  of  comminuted  shells  has 
been  previously  mentioned  (p.  72),  and  we  may  expect  that 
such  indurated  sands  would  occasionally  include  remarkable 
mixtures  of  organic  remains.  The  rock  in  which  the  human 
remidns  were  discovered  at  Guadaloupe  would  appear  to  be  of 
this  character.  Mr.  Konig  observed  MiHepora  miniacea^  and 
shells  referred  to  Turbo  pica  and  Helix  acuta  ^  in  the  specimen 
preserved  in  the  British  Museum ;  and  Cuvier  mentions  shells 
from  the  neighbouring  sea,  and  terrestrial  shells,  especially  the 
Bulimus  guadaloupensis  (Ferussac),  in  that  in  the  Jardin  des 
Plantes,  at  Paris.  Teeth  of  the  caiman,  with  stone  hatchets 
and  other  remains  of  human  art,  are  mentioned  as  having  been 
found  in  this  consolidated  sand. 

Great  as  the  accumulations  of  the  harder  remains  of  mol- 
luscs may  be  in  the  sea  or  on  its  shores  (and  regarding  the 
amount  of  matter,  cliiefly  calcareous,  abstracted  from  the  sea  or 
contained  in  their  food,  the  volume  of  these  harder  remains 
added  annually  to  common  detrital  and  chemical  deposits  must 
be  very  considerable),  the  coral  accumulations  of  tropical 
regions  present  us  with  the  most  striking  additions,  by  means 
of  animal  life,  to  the  mineral  deposits  now  in  progress,  with 
which  we  are  acquainted.  They  have  for  many  years  attracted 
the  attention  of  navigators  and  naturalists,  so  that  much  in- 
formation has  been  obtained  respecting  them.* 

*  We  would  more  especially  call  attention  to  the  labours  of  Mr.  Darwin,  who 
has  not  onl^  been  personally  engaged  in  the  investigation  of  coral  reefs  and 
ulands,  but  has  also  carefully  studied  the  works  of  navigators  and  naturalists 
relating  to  the  subject.  The  results  of  his  investigations  are  contained  in  his 
work,  entitled,  *' Structure  and  Distribution  of  Coral  Islands/'  Loudon,  1842. 
We  would  also  refer  to  such  portions  of  the  labours  of  Mr.  Dana  as  have  yet 
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With  regard  to  tlie  distribution  of  corals,  Mr.  Dana  states, 
that  the  AstrcBOcea^  Madreporacea,  and  Gemmiporidce  among 
the  Caryophyllacea,  are,  with  few  exceptions,  confined  to  the 
coral  *reef  seas,  a  region  included  between  the  parallels  of 
28°  north  and  south  of  the  equator,*  these  corals  forming  ihe 
principal  portion  of  the  reefe,  and  being  confined  to  depths 
within  120  feet  from  the  surface.  Other  corals,  as  is  well 
known,  ei^tend  to  far  greater  depths,  and  into  colder  regions. 
Sir  James  Ross,  in  his  voyage  to  the  South  Polar  Regions, 
obtained  live  corals  from  a  depth  of  1620  to  1800  feet  off  Vic- 
toria Land.  Mr.  Charles  Stokes  notices  a  species  of  Primnoa 
(lepadifera)j  as  found  from  900  to  1 800  feet  off  the  coast  of 
Norway ;  and  Professor  £.  Forbes  a  species  of  the  same  genus 
from  a  depth  of  1668  feet  off  Staten  Land.f  As  respects  the 
range  of  corals,  Mr.  Dana  observes  that  **  CaryophyllidiB  ex- 
tend  from  the  equator  to  the  frigid  zone,  and  some  species 
occur  at  the  depth  of  200  fathoms,  or  more.  The  Alcyonaria 
have  an  equally  wide  range  with  the  Caryophyllid(B^  and  pro- 
bably reach  still  higher  towards  the  poles.  The  Hydroidea 
range  from  the  equator  to  the  polai  regions,  but  are  most 
abundant  in  the  waters  of  the  temperate  zone."|  Regardbig 
the  distribution  of  species,  Mr.  Dana  states,  that  of  306 
species,  27  only  are  common  to  the  East  Indies  and  Pacific 
Ocean,  while  only  one  species,  and  that  with  doubt  {Mean" 
drina  labyrintAtca\  is  considered  to  be  common  to  the  East 
and  West  Indie8.§ 

been  made  public,  and  are  contained  in  his  '*  Stmctare  and  Classification  of 
Zoophytes,"  Philadelphia,  1846.  Mr,  Dana's  views  are  also  founded  on  the 
personal  examination  of  coral  reeft  and  islands. 

*  Locally,  coral  reefs  are  found  farther  north  and  south  than  28°.  Mr.  Dar^ 
win  obserres,  that  they  extend  id  the  Bermuda  Tslands  to  lat  32°  l&^  N.,  the 
greatest  distance  from  the  equator  at  which  they  are  known  to  exist,  and  to  lat 
30°  N.  In  the  Red  Sea ;  and  that  Houtman's  Abrolhos,  on  the  western  shores  of 
Australia,  in  lat  29°  S.,  are  of  coral  formation. 

f  Sir  James  Ross,  **  Voyage  to  the  Antarctic  Regions." 

I  *<  Structure  and  Classification  of  Zoophytes." 

«§  Referring  to  the  causes  of  distribution  and  original  sites,  or  centres  of  dis- 
tribution, Mr.  Dana  obserres : — '*  There  «£  sufficient  evidence  that  such  centres 
of  distribution,  as  regards  zoophytes,  are  to  be  recognized.  The  spedes  of 
corals  in  the  West  Indies  are,  in  many  respects,  peculiar,  and  not  one  can  with 
certainty  be  identified  with  any  of  the  East  Indies.    The  central  parts  of  the 
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Mr.  Darwin  remarks  on  the  entire  absence  of  coral  ree&  in 
certain  large  areas  in  the  tropical  seas.  No  coral  reefs  have 
been  found  on  the  west  coast  of  South  America,  south  of  the 
equator,  or  round  the  Galapagos  Islands ;  neither  have  any 
been  yet  noticed  on  the  west  coast  of  America,  north  of  the 
equator.  In  the  central  parts  of  the  Pacific  there  are  islands 
firee  from  coral  ree&,  and  there  do  not  appear  to  be  any  coral 
ree&  on  the  west  coast  of  Africa,  or  round  the  islands  of  the 
Gulf  of  Guinea.  St.  Helena,  the  Cape  Verde  Islands,  St.  Paul's, 
and  Fernando  Noronha  are  also  without  such  ree&.*  As 
Mr.  Darwin  remarks,  the  causes  of  the  abundance  of  coral 
reefe  in  certain  situations,  and  their  absence  in  others,  appa- 
rently under  general  sinlilar  conditions,  are  as  yet  not  well 
understood ;  and  the  observer  has  a  wide  field  open  for  the 
investigation  of  what  conditions  essential  to  the  life  of  reef- 
making  corals  may  be  absent  in  the  apparently  favourable 
situation  where  they  axe  not  found,  including  among  them 
the  power  of  distribution  from  any  supposed  centres  or  sites. 

Regarding  the  occun*ence  of  corals  as  a  whole,  we  thus  see 
that  they  may  be  more  or  less  strewed  over  a  very  large  sub- 
marine area,  one  extending  from  the  polai:  to  the  equatorial 
regions,  some  of  them  keeping  to  small  depths  within  a  portion 
of  the  general  area  comprised  between  the  parallels  of  28^ 
north  and  south  of  the  equator,  and  even  rising  to  the  surface 
of  the  sea  in  certain  parts  of  that  minor  area.  However  great 
occasional  accumulations  of  their  harder  parts  may  be  under 
favourable  conditions  elsewhere,  concealed  beneath  the  ocean 
waters,  we  have,  in  the  masses  of  dead  and  living  corals  which 
constitute  islands  and  reefs,  enough  to  show  the  geological 
importance  of  these  animals,  which  thus,  from  their  food  and 
the  surrounding  waters,  secrete  a  mass  of  matter  constituting 
rocks,  so  acted  upon,  under  fitting  conditions,  by  the  breakers 
and  by  atmospheric  and  chemical  influences,  that  dry  land  rises 
sufficiently  above  the  sea  to  support  terrestrial  vegetation  and 
animal  life. 

Pftcifie  Ocean  appear  to  be  almost  as  peculiar  iu  the  corals  they  afford.  Bat 
few  from  the  Feejees  have  been  found  to  be  identical  with  those  of  the  Indian 
Ocean.*' — *'  Structure  and  Classification  of  Zoophytes." 

♦  Darwin.  "  Structure  and  Dintribution  of  Cnral  T?ppfc."  nn.  f.l.  62. 
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It  would  appear  that  the  calcareous  secretions*  of  corals  only 
begin  to  be  formed  after  the  last  metamorphosis  of  the  young 
animal,  one  effected  when  it  quits  the  swimming  state  and 
attaches  itself  to  some  support.  Until  that  time  the  young 
can  move,  by  their  own  powers  and  the  transporting  action  of 
tidal  streams  or  oceanic  currents,  to  situations  where,  under 
the  needful  conditions,  they  can  settle  and  flourish  as  perfect 
corals.  No  doubt  myriads  of  the  young  animals  perish,  or  are 
consumed  as  food,  so  that  a  part  only  is  ayailable  for  supplying 
the  loss  by  death  of  the  old  stock,  for  increasing  the  amount  of 
coral  life  in  localities  where  it  previously  existed,  or  for  the 
formation  of  new  colonies.  Under  all  such  circumstances,  if 
there  be  no  cause  producing  a  removal  of  the  harder  parts  of 
the  corals  after  the  death  of  the  polyps  which  secreted  them,  they 
will  accumulate.  Portions  of  the  harder  parts  would  appear 
to  be  destroyed  by  the  animals  which  feed  upon  or  bury  them- 
selves among  the  corals  while  living,  other  portions  are  broken 
off  by  the  action  of  the  sea,  and  some  portions  would  appear 
to  be  taken  up  in  solution.  In  the  first  case,  the  portion  not 
required  for  the  harder  parts  of  the  animals  feeding  upon  the 

*  Dana,  <'  Structure  and  Classification  of  Zoophytes,"  p.  52.  Speaking  of 
the  mode  in  which  the  secretions  are  formed,  Mr.  Dana  observes : — ^  In  a 
Madrepora  the  sarfiice  between  the  cells  becomes  covered  by  minute  points  by 
the  continued  secretions,  and  then  a  .layer  forms,  connected  with  the  preceding, 
by  these  points  or  columns.  The  interior  usually  becomes,  afterwards,  nearly 
solid  by  additional  secretions.  This  variety  of  structure  may  be  observed  also 
in  the  Dendrophyllia ;  and  even  the  compact  species,  in  which  there  are  no 
traces  of  cellules,  will  often  show  evidence  of  having  been  deposited  in  layers. 
I  have  seen  it  brought  out  with  singular  distinctness  in  a  specimen  half  fos- 
silized. In  many  corals,  however,  we  fail  to  detect  this  deposition  in  layers. 
This  is  the  case  in  the  Astmea  tribe.  The  PociUoportt^  and  some  allied  corals, 
have  transverse  plates  crossing  the  ceUs  internally,  which  are  intermitted 
secretions  from  the  lower  part  of  the  polyp ;  but  no  appearance  of  layers  has 
been  detected  in  the  spaces  between  the  cells.  The  Favosites,  and  many 
CyothophyUicUe,  are  examples  of  similar  interrupted  secretions  across  the  cells," 
(p.  53). 

Respecting  the  foot  secretions,  he  remarks : — **  The  foot  secretions  appear  to 

be  entirely  independent  of  the  tissue  secretions.    The  former  are  often  homy 

when  the  latter  are  calcareous,  and  when  they  occur  together  they  constitute 

separable  layers,  one  enveloping  the  other.    The  united  polyps  of  a  branch  have 

their  mouths  opening  outwards  on  every  side,  while  the  bases  are  directed  inward 

towards  a  common  central,  or  axial  line.    The  simnltaneoos  secretions  of 

the  bases,  therefore,  must  necessarily  produce  a  solid  axis  to  the  branch," 
^.54. 
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corals  appears  to  be  thrown  down  with  their  foeces  amid  the 
coral  reefe ;  in  the  second,  the  fragments  torn  off  by  the  breakers 
are  distributed,  like  any  other  detritus,  also  among  the  reefs ; 
and  in  the  third,  the  part  not  appropriated  by  the  living  corals, 
or  by  other  animals,  for  their  harder  parts,  appears  to  be  de- 
posited amid  the  matter  of  the  reefe,  tending  to  bind  them 
together,  and  adding  to  their  solidity. 

From  the  chemical  researches  of  Mr.  B.  Silliman,  who  ana- 
lysed numerous  specimens  of  calcareous  corals  sent  him  by 
Mr.  Dana,  it  would  appear  that,  after  the  animal  matter  had 
been  separated,  carbonate  of  lime  formed  from  97  to  99  per 
cent,  of  the  inorganic  matter  which  remained ;  1  to  3  per  cent, 
being  composed  of  silica,  lime,  (probably  united  with  the 
silica,)  carbonate  of  magnesia,  fluoride  of  calcium,  fluoride  of 
magnesium,  phosphate  of  magnesia,  alumina,  and  iron.*  The 
animal  matter  varied  from  2*  11  to  9*43  per  cent    As  a  mass> 


*  Dana,  ''Stroctore  and  Classification  of  Zoophytes,"  pp.  124-131.  Of  the 
35  species  of  coral  examined  by  Mr.  B.  Silliman,  Jan.,  9  (specimens  of  them 
being  numerous)  -were  analysed  minutely.  These  were : — 1,  Pcritet  favosa 
(Sandwich  Islands) ;  2,  Madrepora  palmatum  (West  Indies)  ;  3,  M»  tpidfera 
(Ceylon)  ;  4,  3f.  prolifera  (Bermudas) ;  5,  M,  platUagenea  (Ceylon) ;  6,  Po- 
eiUopora  /£^2a/a (Sandwich  Islands)  ;  7,  Meandrina phrygia  (Ceylon);  8,  As- 
tr€ta  Orion  (Ceylon) ;  and  9,  Astriiea,  After  removing  the  carbonate  of  lime 
and  animal  matter,  these  nine  species  gave  for  the  proportions  of  the  remaining 
organic  matter, 
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Mr.  Silliman  remarks,  '*  The  foregoing  results  show  that,  contrary  to  the  ex- 
pectation when  the  research  was  commenced,  fluorine  is  present  in  much  larger 
proportion  than  phosphoric  acid.  The  silica  exists  in  the  coral  in  its  soluble 
modification,  and  probably  is  united  with  the  lime.  The  free  magnesia  existed 
aa  carbonate,  and  was  thrown  down  as  caustic  magnesia  by  the  lime  water. 
Some  small  portion  of  th&  lime  was  probably  thrown  down  as  carbonate,  in 
t[Hte  of  every  precaution  to  the  contrary."  The  homy  stem  of  Gorgonia  setota 
MScftded  >(r.  Silliman  a  considerable  portion  of  alumina,  besides  phosphoric  acid, 
some  carbonate  of  lime,  and  93  per  cent  of  animal  matter. 
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therefore,  we  may  regard  the  hard  matter  secreted  by  the  coral 
polyps  of  a  reef  as  chiefly  formed  of  carbonate  of  lime,  min- 
gled with  some  animal  matter,  and  a  small  per  centage  of 
other  substances,  among  which  are  found  fluorine  and  phos- 
phoric acid,  though  in  very  variable  proportions. 

The  young  of  the  reef-making  coral  polyps  attaclung  them- 
selves where  the  needful  conditions  obtain,*  and  according  to 
the  habits  and  requirements  of  each  species,  it  becomes  impor- 
tant to  learn  how  far  these  may  differ,  and  yet  each  species  aid 
in  building  up  the  general  mass  of  a  reef.  Mr.  Darwin's  de- 
tailed description  of  Keeling,  or  Cocos  atoll,  situated  in  the 
Indian  Ocean  in  lat.  12''  5'  S.,  afibrds  a  valuable  view  of  the 
manner  in  which  the  various  corals  forming  a  reef  in  those 
seas  are  adjusted.  Having,  under  favourable  circumstanees, 
reached  the  outer  edge  of  the  reef,  where  the  coral  is  alive, 
he  found  that  it  was  almost  entirely  composed  of  living  porites, 
forming  great  irregular  rounded  masses  from  four  to  eight  feet 
broad,  and  little  less  in  thickness.  On  the  furthest  mounds 
which  he  reached,  and  over  which  the  sea  broke  with  some 
violence,  the  j)olyps  in  the  upper  cells  were  dead,  but  three  or 
four  inches  tower  downthey  were  living.  In  consequence  of  the 
check  given  to  their  growth  upwards,  the  corals  extend  late- 
rally. Further  outwards  the  porites  were  all  seen  to  be  alive. 
Next  in  importance  is  the  Millepora  complanata^  growing  in 
thick  vertical  plates,  and  forming  a  strong  honeycombed  mass, 
generally  of  a  circular  form,  the  marginal  plates  being  alone 
alive.  Between  these  plates,  and  in  the  crevices  of  the  reef,  a 
multitude  of  zor)phytes  and  other  productions  .flourish,  pro- 
tected by  the  porites  and  millepora  from  the  breakers.  Maases 

*  Respecting  the  needfttl  conditioDg  for  the  establishment  and  distribntion 
of  reef-making  corals,  Mr.  Couthony  (Boston  Journal  of  Natural  History, 
Tol.  It.,  1842t  and  American  Journal  of  Science,  vol.  zlyii.,  1844)  and  Mr. 
Dana  (American  Journal  of  Science,  toI.  xlv.,  1843),  independently  of  the 
views  of  each  other,  refer  to  the  temperature  of  the  sea  rather  than  to  its  depth, 
as  limiting  the  range  of  the  reef-makingwoorals,  and  attribute  the  absence  of 
coral  reefs  in  the  inter-tropical  and  eastern  portions  of  the  Atlantic  and  Pacific 
to  the  inAuence  of  the  cool  and  extra-tropical  currents  which  there  set  in.  Mr. 
>ana  limits  the  distribution  of  the  reef-forming  corals  to  a  temperature  o^  and 

lOve,  66°  Fahr. ;  and  Mr.  Couthouy  considers  that  they  thrive  best  in  water, 

a  temperature  of  between  76°  and  80°  Fahr. 
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6f  living  coral,  apparently  similar  to  those  of  the  margin,  de- 
scend very  gradually  outwards  to  the  depth  of  60  or  70  feet. 
The  arming  of  the  sounding-lead  brought  up  fragments  of 
MiUepora  alcicomis  within  these  depths,  and  there  was  an  im- 
pression of  an  astraea,  apparently  alive.  Examining  the  frag- 
ments thrown  on  shore  by  the  breakers,  the  porites  and  a 
madrepore,  apparently  M.  corymhosa.  were  the  most  common  ; 
and  as  this  coral  was  not  found  alive  in  the  hollows  of  the  reef, 
Mr.  Darwin  concludes  that  it  must  occur  abundantly  in  a  sub- 
merged zone  outside.  Between  the  depth  of  72  and  120  feet 
the  arming  of  the  lead  came  up  an  equal  number  of  times 
marked  by  sand  and  coral.  Beneath  120  feet,  siand  was 
obtained.  After  the  depth  of  150  feet  the  outward  sides  of  the 
reef  plunged,  at  an  angle  of  45^  into  the  sea,  the  depth  of 
which  was  not  found  at  2200  yards  from  the  breakers,  with  a 
line  of  7200  feet  in  length.* 

Close  within  the  outer 'margin  of  the  reef,  where  the  coral 
life  ceases,  three  species  of  nullipora  flourish,  either  separately 
or  mingled  together,  forming  by  their  successive  growth  a 
layer  two  or  three  feet  in  thickness,  of  a  reddish  colour. 
This  layer  fringes  the  reef  for  about  20  yards  in  width,  con- 
stituting a  continuous  smooth  convex  surface,  when  the  corals 

•  Darwin,  «  Structure  and  Distribution  of  Coral  Reefs",  pp.  6-8.  "  Out  of  25 
soundiDgs,**  obsenres  Mr.  Darwin,  '<  taken  at  a  greater  deptii  tban  20  fathoms, 
every  one  showed  that  the  bottom  was  covered  with  sand ;  whereas,  at  a  less 
depth  than  12  fathoms,  every  sounding  showed  that  it  was  exceedingly  rugged, 
and  firee  from  all  extraneous  particles.  Two  soundings  were  obtained  at  th« 
depth  of  360  fiithoms,  and  several  between  200  and  300  &thoms.  The  sand 
brought  up  from  these  depths  consisted  of  finely  triturated  fragments  of  stony 
Koophytes,  bat  not,  as  far  as  I  could  distinguish,  of  a  particle  of  any  lamelliform 
genus :  fragments  of  shells  were  rare." 

*<  At  a  distance  of  2200  yards  from  the  breakers,  Captain  Fitzroy  found  no 
bottom  with  a  line  of  7200  feet  in  length ;  hence  the  submarine  slope  of  this  coral 
formation  is  steeper  than  that  of  any  volcanic  cone.  Off  the  mouth  of  the  la- 
goon, and  likewise  off  the  northern  point  of  the  atoll,  where  the  currents  act  vio- 
lently, the  inclination,  owing  to  the  accumulation  of  sediment,  b  less.  As  the 
arming  of  the  sounding-Iead  from  all  the  greater  depths  showed  a  smooth  sandy 
bottom,  I  at  first  concluded  that  the  whole  consisted  of  a  vast  conical  pile  of 
calcsreoos  sand ;  but  the  sudden  increase  of  depth  at  some  points,  and  the  cir* 
comttanoe  of  the  line  having  been  cut,  as  if  rubbed,  when  between  500  and 
600  ftthoms  were  out,  indicate  the  probable  existence  of  submarine  cliffs." 
— ^pp.  8-9. 

o  9 
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ore  noited  into  a  solid  margin,  and  forming  a   protecting 
breakwater.  • 

The  form  of  this  atoll  will  be  seen  by  the  subjoined  plan, 

(fig.  71.)t    The  reef  ia  broken  by  two  open  Bpaces,  through 

Kg.  71. 


*  "TheM  nulUpone,"  obtervaHr.  Darwin,  "although aUe  to  tiitt  abors 
the  limit  of  true  eoralt,  mem  to  require  to  be  bathed  during  the  greater  part  of 
each  tide  bj  tH«aUiig  water,  fbr  the;  are  not  finind  in  tnj  abundance  in  the 
protected  bollowe  on  the  back  part  of  the  reef,  where  the]'  might  be  iouneraed, 
either  doting  the  whole  or  an  equal  proportional  Ume  of  each  tide.  It  ia  re- 
markable that  organic  prodnetioiu  of  such  extreme  umpUcity ,  (br  the  nullipone 
undoubtedly  belong  to  one  of  the  loveet  clasBei  of  the  Tegetable  kingdom,  ihould 
be  limited  lo  a  zoue  ao  peculiarly  circnmataneed." — p.  9. 

t  The  obaerrer  will  find  au  interesting  selection  of  pUna  of  coral  ree&, 
either  sarrounding  mountainous  islands  or  forming  atolls  or  lagoou  ialaads, 
among  which  that  of  Cocos  or  Keeling  Island  ii  one,  in  Plates  I  and  3  of  Mr. 
Darwin')  work  on  the  Structure  and  DiatribatioQ  of  Coral  Ree& ;  and  a  most 
valuable  map  iu  the  same  work,  showing  the  distribntion  of  the  diSerent  kinds 
of  coral  reefs,  with  the  position  of  active  Tolcanoa  in  the  Indian  and  Pacifio 
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one  of  which  ships  can  enter ;  it  yaries  from  250  to  500  yards 
in  breadth,  with  a  level  surface,  or  one  very  slightly  inclined 
towards  the  interior  lagoon,  and  at  high  tide  the  sea  breaks 
entirely  over  those  parts  which  do  not  rise  into  islets  on  its 
sur&oe.  PociHopora  vermcosa  is  a  common  coral  in  the  hol- 
lows, as  also  a  madrepore,  closely  allied  or  identical  with  M. 
pociOifera*  When  the  breakers  are,  by  the  formation  of  an 
islet,  prevented  from  washing  entirely  over  the  reef,  and  chan- 
nels and  hollows  filled  up,  a  hard  smooth  floor  is  formed,  un- 
covered only  at  low  water,  and  strewed  with  a  few  fragments 
torn  off  during  heavy  gales.  The  islets  which  are  formed 
by  an  accumulation  of  fragments,  about  200  or  300  yards  from 
the  outer  edge  of  the  reef,  vary  in  length  from  a  few  yards  to 
several  miles,  with  an  ordinary  breadth  of  less  than  a  quarter 
of  a  mile.  On  the  windward  side  of  the  atoll  the  increase  of 
the  islets  is  by  the  addition  of  fragments  thrown  on  their  outer 
ffldes  by  the  breakers,  the  highest  part  thus  formed  rising  from 
«x  to  ten  feet  above  ordinary  high-water  mark,  and  upon  this 
there  may  be  hillocks  of  blown  sand,  some  of  which  rise  to  an 
elevation  of  30  feet.  On  the  leeward  side  of  the  atoll,  from 
the  sweep  of  the  wind  across  the  lagoon,  the  little  breakers 
thus  formed  cast  up  sand  and  fragments  of  thinly-branched 
coral  from  the  lagoon  on  the  inner  sides  of  the  islets  in  that 
part  of  the  atoll,  thus  adding  to  them  inwards.  These  islands 
are  lower  than  those  to  windward,  though  broader.  The  frag- 
ments beneath  the  sur£ace  are  cemented  into  a  solid  mass,  so 
as  to  form  a  ledge  from  two  to  four  feet  high,  from  being 
worked  by  the  breakers  acting  beyond  ordinary  high-water. 
Chemical  changes  take  place  occasionally  among  the  calca- 
reous fragments  thus  cemented  together,  so  that  the  altered 
coral  passes  gradually  into  spathose  limestone.'^ 

*  **  The  fragments  of  ooral  which  are  occasionally  cast  on  the  *  flat,'  are,  daring 
galesofnnnsnal  violence,  swept  together  on  the  beach,  where  the  waves  each 
day  at  high-water  tend  to  remove  and  gradoally  wear  them  down;  bat  the 
lower  fragments  having  become  firmly  cemented  together  by  the  percolation  of 
calcareous  matter,  resist  the  daily  tides  longer,  and  hence  project  as  a  ledge. 
The  cemented  mass  is  generally  of  a  white  colour,  bat  in  some  few  parts  reddish 
from  ftrroginoas  matter :  it  is  very  hard,  and  is  sonoroas  ander  the  hammer ; 
it  is  obteoiely  divided  by  seams,  dippbg  at  a  small  angle  seaward ;  it  consists  of 
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The  lagoon  within  is  necessarily  a  sheltered  situation,  and  is 
described  as  much  more  shallow  than  those  of  atolls  of  consid- 
erable size.  About  half  the  area  consists  of  sediment,  including 
mud,  and  half  of  coral  reefs,  the  corals  composing  the  latter 
haying  a  very  different  aspect  from  those  on  the  outside,  and 
being  very  numerous  in  kind.*  The  sediment  from  the  deepest 
part  of  the  lagoon  was  like  a  very  fine  sand  when  dry,  though 
it  appeared  chalky  when  wet.  Mr.  Darwin  points  out  that  much 
jSne  sediment  may  be  supplied  by  means  of  the  excrements  of 
the  scarus  and  holuthuriae,  which  feed  on  the  coral;  large 
shoals  of  two  species  of  the  former,  one  of  which  inhabits  the 
lagoon  while  the  other  keeps  outside,  feeding  entirely  on  the 

^^— ^^i^—  ■■-_■■■         ■■  ■■■■■^  ^«—i»  ■  I    .^  ■     ■  ■       .        I  mm  ■      I  ■  ■»   ^^.m^^mm.^^^^^^^^^        ■    ■  ■       »■  ■    ■  i    ■     ^^p^^^       ^  ■    m    ■■  i    ^ 

fragments  of  the  oorah  which  grow  on  the  outer  margin,  some  quite  and  others 
partiallj  rounded,  some  small  and  others  two  or  three  feet  across ;  and  of 
masses  of  previously  formed  conglomerate,  torn  up,  rounded,  and  re-cemented ; 
or  it  consists  of  a  calcareous  sandstone,  entirely  composed  of  rounded  particles, 
generally  almost  blended  together,  of  shells,  corals,  the  spines  of  echini,  and 
other  such  organic  bodies/*  "  The  structure  of  the  coral  in  the  conglomerate  has 
generally  been  much  obscured  by  the  infiltration  of  spathose  calcareous  matter; 
and  I  collected  a  very  interesting  series,  beginning  with  fragments  of  unaltered 
coral,  and  ending  with  others  where  it  was  impossible  to  discover  with  the 
naked  eye  any  trace  of  organic  structure.  In  some  specimens  I  was  unable, 
even  with  the  aid  of  a  lens  and  by  wetting  them,  to  distinguish  the  boundaries 
of  the  altered  coral  and  spathose  limestone.  Many  even  of  the  blocks  of  coral 
lying  loose  on  the  beach  had  their  central  parts  altered  and  infiltrated."  Dar- 
win, **  Structure  of  Coral  Ree&,''  P- 12. 

Mr.  Beete  Jukes  mentions  masses  of  meandrina,  six  or  eight  feet  in  diameter, 
turned  upside  down,  and  much  worn,  as  torn  by  the  force  of  the  breakers  from 
their  places  of  growth  on  the  weather  edge  of  a  coral  reef^  and  driven  200  to  SCO 
yards  inwards.    **  Narrative  of  the  Voyage  of  the  Fly,  1847." 

*  <'  Meandrina,  however,  lives  in  the  lagoon,  and  great  rounded  masses  of  this 
coral  are  numerous,  lying  quite  or  almost  loose  on  the  bottom.  The  other  com- 
monest kinds  consist  of  three  closely  allied  species  of  true  Madrepora  in  thin 
branches ;  of  SerieUopora  subukUa ;  two  species  of  Porites,  with  cylindrical 
branches,  one  of  which  forms  circular  clumps,  with  the  exterior  branches  only 
alive ;  and,  lastly,  a  coral,  something  like  an  Explanaria,  but  with  stars  on  both 
surfaces,  growing  in  thin,  brittie,  stony,  foliaceous  expansions,  especially  in  the 
deeper  basins  of  the  lagoon.  The  ree&  on  which  these  corals  grow  are  very  irre- 
gular in  form,  are  full  of  cavities,  and  have  not  a  solid  flat  surface  of  dead  rock,  like, 
that  surrounding  the  lagoon ;  nor  can  they  be  nearly  so  hard,  for  the  inhabitants 
made  with  crowbars  a  channel  of  considerable  length  through  these  reeft,in  which 
a  schooner,  built  on  the  south-east  islet  was  floated  out  It  is  a  very  interesting 
circumstance,  pointed  out  to  us  by  Mr.  Liesk,  that  this  channel,  although  made 
less  than  ten  years  before  our  visit,  was  then,  as  we  saw,  almost  choked  up  with 
living  coral,  so  that  fresh  excavations  would  be  absolutely  necessary  to  allow 
another  vessel  to  pass  through  it/'    Darwin,  "  Structure,"  &c.  p.  13. 
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corals,  wlifle  swarms  of  various  species  of  holuthuiia  browse 
upon  the  lagoon  corals.  ^^  The  amount  of  coral  yearly  con- 
sumed and  ground  down  into  the  finest  mud  by  these  seyeral 
creatures,  and  probably  by  many  other  kinds,  must  be 
immense."*  llie  tide  flows  in  and  out  of  the  lagoon  through 
the  channels,  and  the  latter  also  carry  out  the  water  thrown 
oyer  the  ree&  by  the  breakers. 

Thirty-two  coral  islands  in  the  Pacific  Ocean  were  examined 
by  Captain  Beechey  ;t  they  were  of  various  shapes,  and  29  had 
lagoons  in  their  centres.  The  dry  coral  forming  islets  on  the 
re^  is  rarely  elevated  more  than  two  feet  above  the  sea  when 
divested  of  any  sandy  materials  heaped  upon  it,  and  but  for 
the  abrupt  character  of  the  outer  margin  would  be  inundated 
by  the  breakers.  Captain  Beechey  found  in  the  islands  seen 
by  him  no  instance  in  which  the  strip  of  dead  coral  exceeded 
half-a-mile  from  the  usual  wash  of  the  sea  to  the  internal  la- 
goon. In  general  it  was  only  300  or  400  yards.  "  Beyond 
these  limits,  on  the  lagoon  side  in  particular,  where  the  coral 
was  less  mutilated  by  the  waves,  there  was  frequently  a  ledge, 
two  or  three  feet  under  water  at  high  tide,  30  to  50  yards  in 
width ;  after  which  the  sides  of  the  island  descended  rapidly, 
apparently  by  a  succession  of  inclined  ledges  formed  by  nume- 
rous columns  imited  at  their  capitals,  with  spaces  between 
them,  in  which  the  sounding-lead  descended  several  fathoms."^ 
The  windward  sides  of  the  reefe  and  islets  upon  them  are 
higher  than  the  others,  the  islets  not  unfrequently  well 
wooded,§  while,  on  the  opposite  sides,  the  reefe  are  '^half 
drowned"  or  wholly  under  water.  The  breaks  or  entrances  into 

*  Darwin,  **  Stnictiire  of  Coral  Ree&,"  p.  14. 

t  "Narradve  of  a  Voyage  to  the  Pacific  and  Behring's  Stmts,  &c.,  in  the 
yean  1825,  26,  27,  and  28."    Loudon,  1831. 

I  Ibid.  vol.  L  p.  256. 
.  §  With  rtspect  to  the  vegetation  on  Bow  Island,  Mr.  Collie  inenticms  that 
the  pandanns  and  pemphis  grow  in  the  sheltered  parts  of  the  plain  between  the 
ridges ;  that  the  loose  dry  stones  of  the  first  ridge  are  penetrated  by  the  roots  of 
the  tefano,  which  rises  into  a  tall  spreading  tree,  accompanied  by  the  suriana  and 
toamefortia,  under  the  shelter  of  which  the  achyranthus  and  lepidiam  thrive 
best.  Beyond  the  first  ridge  the  sesBvola  floorishes.  "  Beechey *s  Voyage,'*  vol. 
i.  p.  ft4S.  At  Dude's  Island  the  trees  are  stated  to  rise  14  feet,  making,  with 
the  island,  12  feet  above  the  sea,  26  feet  firom  its  leveL    Ibid.  vol.  i.  p.  59. 
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the  lagoons  generally  occnr  on  the  leeward  side,  though  they 
are  sometimes  found  in  a  side  that  runs  in  the  direction  of  the 
wind,  as  at  Bow  Island.  The  points  or  angles  of  the  islands 
were  found  to  descend  less  abruptly  than  the  sides.  The  la- 
goons Tary  in  depth,  from  20  to  28  fathoms  being  found  in  those 
which  were  entered,  though  the  appearance  of  the  water  in 
others  would  lead  to  the  inference  that  they  were  very  shallow. 
The  accompanying  figures  are  the  sections  given  by  Captain 
Beechey  as  afibrding  a  general  view  of  these  coral  islands. 
Fig.  72  is  a  section  across  one  about  five  miles  wide ;  a  a  being 
dry  islets  on  the  reef,  b  b,  lagoon  ;  and  c  c,  open  ocean ;  and 
fig.  73  a  section  across  an  islet  and  part  of  a  lagoon,  with  the 
slope  towards  the  sea,  AB  being  the  habitable  part  of  the 
island ;  a  &,  water  line ;  a  A,  general  descent  seawards  towards 
the  points ;  a  i,  general  descent  at  the  points ;  CC,  part  of  the 
lagoon;  DD,  coral  knolls  in  the  lagoon;  Z,  the  ocean;  sss^ 
soundings  on  coral.* 

*  Captain  Beechey  gives  a  more  detailed  aocoont  of  Madlda  and  Bow 
IslandB  than  of  the  others.  The  windward  side  of  the  former  ''is  covered  by 
tall  trees,  while  that  to  leeward  is  nearly  all  under  water.  The  dry  part  of  the 
dudn  encloslDg  the  lagoon  is  aboat  a  sixth  of  a  mile  in  width,  but  yaries  con- 
siderably in  its  dimensions ;  the  broad  parts  are  fhmished  with  low  monnds  of 
sand,  which  have  been  raised  by  the  action  of  the  wa<res,  but  are  now  out  of  their 
reach,  and  mostly  covered  by  vegetation.  The  violence  of  the  waves  upon  the 
shore,  except  at  low  water,  forces  the  sea  into  the  lake  at  many  points,  and  ooca- 
rions  a  constant  oatset  through  the  channel  to  leeward. 

"  On  both  sides  of  the  chain  the  coral  descends  rapidly ;  on  the  outer  part 
there  is  from  6  to  10  &thoms,  dose  to  the  breakers  ;  the  next  cast  is  30  to  40 ; 
and,  at  a  little  distance,  there  is  no  bottom  with  250  fkthoms.  On  the  lagoon 
side  there  are  two  ledges ;  the  first  is  covered  by  about  three  feet  at  high-water : 
at  its  edge  the  lead  descends  three  fiithoms  to  the  next  ledge,  which  is  about 
40  yards  in  width ;  it  then  slopes  to  about  5  fiithoms  at  its  extremity,  and 
again  descends  perpendicularly  to  10 ;  after  which  there  is  a  gradual  descent  to- 
20  fiithoms,  which  is  the  general  depUi  of  the  centre  of  the  lagoon.  The  lake  is 
dotted  with  knolls  or  columns  of  coral,  which  rise  to  all  intermediate  heights 
between  the  bottom  and  the  surfiuse."    "  Voyage,"  &c.,  vol.  L  p.  21 S. 

''Bow  Island  is  30  miles  long  by  an  average  of  5  miles  broad.  It  is, similar 
to  the  other  coral  islands  already  described,  confining  within  a  narrow  band  of 
coral  a  spacious  lagoon,  and  having  its  windward  side  higher  and  more  wooded 
than  the  other,  which,  indeed,  with  a  few  dusters  of  trees  and  heaps  of  sand,  is 
little  better  than  a  reef.  The  sea  in  several  places  washes  into  the  lagoon,  but 
>here  is  no  passage,  even  for  a  boat,  except  that  by  which  the  ship  entered, 
■^hich  is  sometimes  dangerous  to  boats,  in  consequence  of  the  overfidls  fttmi  the 
igoon,  espedally  a  little  after  the  time  of  high-water. 
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While  the  coral  reefs  above  mentioned  exhibit  no  traces  of 
rocks  farther  than  tliose  formed  by  the  consolidation  of  tlie 
matter,  chiefly  calcareous,  secreted  by  the  polyps  or  derived 
from  it,  and  distributed  chemically  and  mechanically,  other 
reefs  surround  islands  or  groups  of  islands  formed  of  different 
rocks,  or  range  along  the  shores  of  seas,  such  as  the  Red  Sea,  or 
those  of  large  masses  of  land,  as  on  the  east  coast  of  Australia. 
While  the  reefs  touch  the  land  in  some  places,  they  are  re- 
moved from  it  in  others ;  and  many  present  the  appearance  of 
the  lagoon  islands — ^land  either  in  one  mass  or  in  several  masses 
rising  through  the  interior  lagoon.     Mr.  Darwin  has  classed 

**  The  bottom  of  the  lagoon  is  in  parts  covered  with  a  fine  white  sand,  and  is 
thickly  strewed  with  coral  knolls,  the  upper  parts  of  which  overhang  the  lower, 
though  they  do  not  at  once  rise  in  this  form  firom  the  bottom,  but  irom  small 
hillocks.  We  found  comparatively  few  beneath  the  surface,  though  there  are 
some :  at  the  edge  of  such  as  are  exposed  there  is  usually  six  or  seven  fathoms  of 
water ;  receding  from  it,  the  lead  gradually  descends  to  the  general  level  of  about 
20  fathoms.  The  height  of  water  in  the.lagoon  is  subject  to  the  variations  of  the 
tides  of  the  ocean ;  but  it  suffers  so  many  disturbances  from  the  waves,  which 
occasionally  inundate  the  lovr  parts  of  the  surrounding  land,  that  neither  the  rise 
of  the  tide  nor  the  time  of  high- water  can  be  estimated  with  any  degree  of  cer- 
tainty. The  strip  of  low  land  enclosing  the  lagoon  is  nearly  70  miles  in 
extent,  and  the  part  that  is  dry  is  about  a  quarter  of  a  mile  in  width.  On  the 
inner  side,  a  few  yards  from  the  margin  of  the  lake,  there  is  a  low  bank  formed 
of  finely  broken  coral;  and  at  the  outer  edge  a  much  higher  bank  of  large 
blocks  of  the  same  material,  long  since  removed  from  the  reach  of  the  waves, 
and  gradually  preparing  for  the  reception  of  vegetation.  Beyond  this  high 
bank  there  is  a  third  ridge,  similar  to  that  skirting  the  lagoon ;  and  outside  it 
again,  as  well  as  in  the  lagoon,  there  is  a  wide  shelf,  three  or  four  feet  under 
water,  the  outer  one  bearing  upon  its  surface  huge  masses  of  broken  coral,  the 
materials  for  an  outer  bank,  similar  to  the  large  one  just  described."  **  Voyage," 
&c ,  vol.  i.  p.  245,  246. 

Mr.  Beete  Jukes  ("  Narrative  of  the  Voyage  of  the  *  Fly '  to  Torres  Straits,  &c., 
1847")  presents  us  with  the  following  description  of  one  kind  of  smaU  coral 
island  as  seen  from  the  mas^head  : — **  A  small  island,  with  a  white  sand  beach 
and  a  tuft  of  trees,  is  surrounded  by  a  symmetrically  open  space  of  shallow 
water  of  a  bright  grass  green  colour,  inclosed  by  a  ring  of  glistening  surf,  as 
white  as  snow,  immediately  outside  which  is  the  rich  dark  blue  of  deep  water. 
All  the  sea  is  perfectly  clear  of  sand  and  mud ;  even  where  it  breaks  on  a  sand 
beach  it  retains  its  perfect  purity.**  "  It  is  this  perfect  clearness  of  the  water 
which  makes  navigation  among  coral  reefs  at  all  practicable,  as  a  shoal  with 
even  five  fathoms  water  on  it  can  be  discovered  at  a  mile  distant  from  a  ship*s 
mast-head,  in  consequence  of  its  greenish  hue  contrasting  with  the  blue  of 
deep  water." 
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these  various  modes  of  occmreace  into  atolls,  or  lagooD  islands, 
barrier  reeft,  and  frin^g  or  shore  reefe.* 

The  following  map  (6g.  74)  of  the  Gambler's  group,t  may 
be  taken  in  illustration  of  the  barrier  reefs,  and  as  also  showing 

Fig.  7*. 


coral  reefe  fringing  the  contained  islands.  All  the  interior 
islands  are  steep  and  rugged,  Mount  Duff,  on  the  largest,  rising 
to  the  height  of  1248  feet,  and  they  would  appear  to  be  of 
igneous  origin.}   The  outside  reef  on  the  north-east,  Uie  wind- 

■  We  would  refer  to  Mr.  Darwui'i  work,  "  Stroctiire  and  Ditlrilnlion  of 
ConJ  Beefs,''  for  great  detail  respecting  tbe  different  kiiidE  of  reeh. 

f-  Bednced  taaa  that  given  \>j  C^ptaiu  Beeebef ,  "  Vojage  to  the  Padfic  and 
Bebriog't  Strait,"  toL  i. 

X  Tbey  are  described  as  composed  of  poroos  basaltic  lava,  sometimes  pasaiDg 
into  a  tnfiweoui  slate,  at  otbett  iato  columnar  basalt  D;kei  cutting  the  mau 
•ere  observed. 
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ward  side,  has  portions  raised  above  the  sea,  bearing  trees  and 
other  plants^  while  in  the  opposite  direction  it  dips  30  or  40 
feet  beneath  the  sea.  The  outer  sides  plunge,  as  usual,  into 
deep  water,  while  the  inner  descend  gradually  to  120  or  150 
feet.  Patches  of  coral  are  scattered  over  the  lagoon,  and 
adhere  as  fringing  reefs  to  the  steep  islands  rising  out  of  it 
On  the  larger  island  the  coral  reef  rendered  the  water  so  shal- 
low, that  the  larger  boats  could  not  come  within  200  yards  of 
the  landing-place. 

The  annexed  plan  (fig.  75)  of  Ari  Atoll,  one  of  the  Mal- 
diva  Islands,*  exhibits  a  modification  of  those  coral  islands 
which  have  a  general  reef  surrounding  a  lagoon.  Here  a 
number  of  reefs  form  an  outer  line,  and  the  interior  is  occu- 
pied by  a  number  of  others.  Many  of  these  are  ring-formed, 
so  that  the  general  group  reminds  us  of  many  minor  atolb, 
rising  above  an  area  of  a  tabular  character,  round  which  the 
sides  plunge  rapidly  into  deep  water.  The  common  depth 
between  these  reefs  and  islets,  some  rising  above  the  level  of 
the  sea,  varies  from  150  to  200  feet,  and  in  the  basins  of  the 
ring-form  detached  reefs  from  24  to  60  feet.  According  to 
Captain  Moresby^  the  central  and  deepest  part  of  the  lagoons 
in  the  Maldiva  Islands  is  formed  of  stifi*  clay,  of  sand  near 
the  border,  and  of  hard  sand-banks,  sandstone,  conglomerate, 
rubble,  and  a  little  live  coral  in  the  channels  of  the  reef.f 
The  other  large  islands,  or  rather  groups  of  islets  and  reefs, 
of  the  Maldives,  present  the  same  general  characters,  while 
the  smaller,  one  of  which  (Ross  Atoll)  is  represented  above 
(fig.  75  a),  ofiers  the  usual  atoll  character. 

From  the  observations  of  Mr.  Darwin  on  part  of  the  coral 
ree&  of  the  Mauritius,  it  would  appear  that  the  edge  of  the 
reef  is  formed  of  great  masses  of  branching  madrepores,  chiefly 
M.  corymhosa  and  M,  pocillifera^  mingled  with  a  few  other  kinds 


*  Redaoed  from  the  chart  of  the  Maldiyes  by  Captain  Moresby  and  Lieate- 
nant  PoweU. 

t  As  stated  by  Captain  Morseby  to  Mr.  Darwin.  «*  Structure,"  &c  p.  34. 
Captain  Moresby  informed  Mr.  Darwin  that  Millepora  complanata  was  one  of 
the  commonest  kinds  of  corals  on  the  outer  margin  of  ree&  of  the  Maldives. 
Ilttd.  p.  33. 
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of  coral.  To  the  depth  of  48  feet,  the  coral  ground  appeared 
free  from  sand ;  hut  from  that  depth  to  90  feet  a  little  cal- 
careous sand  was  brought  up  by  the  arming  of  the  sounding- 
lead  ;  more  frequently,  however,  it  came  up  clean.  The  two 
madrepores  above  mentioned,  and  two  species  of  astraea,  with 
large  stars,  seemed  the  commonest  corals  for  the  whole  of  this 
depth.  Some  fragments  of  Millepora  akicomis  were  brought 
up,  and  in  the  deeper  parts  were  large  beds  of  a  seriatopora, 
allied  to,  but  diOering  from,  S.  subulata.  From  90  to  120  feet 
the  bottom,  with  few  exceptions,  was  covered  by  sand,  or  strewed 
with  seriatopora.  From  120  to  198  feet,  the  soundings  showed 
a  sandy  bottom,  with  one  exception,  at  180  feet,  when  the 
arming  came  up  as  if  cut  by  the  margin  of  a  large  caryo* 
phyllia.  On  the  beach,  the  rolled  fragments  consisted  chiefly 
of  madrepores  and  astraea  of  the  smaller  depths,  of  a  massive 
porites,  like  that  at  Keeling  atoll,  of  a  meandrina,  Pocil- 
lopora  verrucosa^  and  of  numerous  fragments  of  nuUipora.* 

The  reef  surrounding  the  Mauritius,  excepting  in  two  or 
three  parts  where  the  coast  is  almost  precipitous,!  generally 
ranges  at  a  distance  of  one,  two,  or  even  three  miles  from  the 
shore.  Opposite  every  river  and  streamlet  the  reef  is,  as  is 
common,  breached,  and  the  slope  outside  the  reef  seems  gene- 
rally to  be  moderate,  bearing  a  relation  to  the  slope  of  the 
adjoining  land. 

The  Isle  of  Bomrbon  is  also  surrounded  by  coral  reefs,  only 
broken  through  at  the  embouchures  of  tlie  rivers,  and  opposite 
the  chief  ravines.  M.  Siau,  who  had  excellent  opportunities  of 
observing  these  reefs  in  1839  and  1840,  has  stated  |  that  the 
channels  or  passages  through  the  reefs  are  kept  open  by  the 
streams  of  fresh  water  passing  outwards  through  them,  and  that 
they  would  be  otherwise  soon  filled  up.  As  it  is,  they  are  con- 
sidered to  have  decreased  in  fflze,  in  consequence  of  a  dimi- 
nished quantity  of  rain  having,  of  late  years,  fallen  upon  the 
Isle  of  Bourbon.  These  channels  being,  as  usual  in  such 
atuations,  the  passages  to  roadsteads  behind  the  reefB,  their 

♦  Darwin,  "Structure  of  Ck)ral  Reeft."  t  Darwin,  Ibid. 

X  Comptes  Rendnes,  torn,  zii.,  1841. 
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condition  is  a  constant  subject  of  attention,  and,  as  illustrative 
of  the  quick  growth  of  certain  at  least  of  the  reef-making  corals 
of  that  locality,  M.  Siau  mentions  that,  in  one  of  the  channels 
(that  of  the  Riviere  d'Abord),  a  coral  rock  has  risen  from  the 
bottom,  and  in  the  middle  of  it,  to  the  height  of  29  feet 
(English)  in  12  years.  M.  Siau  presents  us  with  a  very  in- 
teresting account  of  the  mode  of  growth  of  the  reef-maJdng 
corals  of  this  island,  showing  the  establishment  of  a  series  of 
coral  bosses  upon  each  other,  with  the  admixture  of  coral,  sand, 
and  shingle,  in  the  interstices  between  them,  up  to  the  level  of 
the  sea,  where  the  labours  of  the  reef-making  coral  polyps  ter- 
minate.* 

*  M.  Siaa  observes,  that  **  the  labours  of  the  coral  polyps  are  as  varied  as 
the  species.  Some  (and  these  are  the  most  -widely  spread)  establish  themselves 
by  fiuiiilies  at  the  bottom  of  the  sea,  on  a  voloanic  or  any  other  rock,  nnattach* 
able  by  the  action  of  the  waves.  "Each  flEunily  constructs  a  detached  boss 
(mamdon),  which  may  rise  to  the  height  of  two  or  three  yards  by  the  labours 
of  many  generations.  These  bosses  are  known  in  the  country  by  the  name  of 
poM  de  coTttux,  The  bottom  is  thus  covered  by  bosses,  which  most  frequently 
join,  touch,  or  approximate  to  each  other,  sometimes  leaving  open  spaces  between 
them,  into  which  (coral)  sand  and  shingle  are  washed  by  the  sea.  Such  spaces 
are  known  as  rigoleB  de  sables, 

**  Upon  this  fresh  bed  new  fiimilies  establish  themselves,  constructiDg  another 
bed.  The  latter  are  independent  of  the  former.  Sometimes  they  entirely  re- 
pose on  the  first  pdtes,  sometimes  on  the  rtgoles,  so  as  to  conceal  them ;  some- 
times an  isolated  /><2f^  completely  covers  a  primitive  rigole.  The  spaces  between 
this  second  bed  are  also  converted  into  rigoUs,  the  sea  throwing  in  sand  and 
small  shingles.  Above  this  second  bed  other  generations  ruse  a  fourth  and  a 
fifth,  and  thus  the  mass  is  formed  of  those  immense  ree&  so  common  in  inter- 
tropical seas. 

"  It  would  be  wrong  to  conclude,  from  the  description  given,  that  the  beds 
thus  formed  have  an  uniform  thickness.  It  should  be  understood  that  very 
great  differences  exist  in  the  height  of  the  pdtes,  and  that  the  entire  reef  would 
present  a  shapeless  and  divided  assemblage  of  superimposed  montecules,  the 
interstices  between  them  filled  with  sand  and  shingles,  their  contiguous  portions 
joined  together  by  a  coral  cement. 

"  The  corals  of  which  we  have  spoken  are  the  most  common,  forming  the 
mass  of  the  reefs.  The  coral  produced  is  grey,  very  compact,  of  a  ver>'  close 
grain,  and  often  harder  than  marble.  This  coral  is  not  worked  away  by  the 
waves,  and  is  not  entirely  soluble  in  acids.  Upon  the  firm  base  of  the  bosses, 
above  described,  a  variety  of  small  and  delicate  corals,  of  different  kinds,  esta- 
blish themselves.  It  is  these  fragile  corals  which  alone  ftimish  the  white  sand 
and  shingles  to  the  shore  and  the  rigoles,  and  they  are  entirely  soluble  in 
adds." 

The  same  author  remarks  upon  the  depths  agitated  by  the  waves,  and  infers 
(CkMnptes  Rendues,  tom.  xii.,  p.  775)  that  he  had  evidence  of  that  action  at  the 


208  CORAL  REEFS  AND  ISLANDS. 

The  Great  Barrier  Reef,  extending  off  the  east  coast  of 
Anstralia  for  about  1100  miles,  with  a  mean  breadth  of  about 
30  miles,  from  Breaksea  Spit,  in  lat.  24^  30'  S.,  and  long. 
153°  2(y  E.,  to  Bristow  Island  in  lat.  9°  15'  S.,  and  long. 
143^  20'  E.  off  the  coast  of  New  Gumea,  presents  an  area 
of  about  33,000  square  miles,  chiefly  covered  with  organic, 
mechanical  and  chemical  accumulations  resulting  from  the 
secretions  of  the  coral  polyps.  This  great  mass  is  broken 
northwards  by  the  influence  of  river  waters  discharged  from 
the  south-eastern  portion  of  New  Guinea,  carrying  detritus 
with  them,  and  covering  the  bottom  of  the  adjacent  seas  with 
a  muddy  sediment  These  conditions  ceasing,  we  find  the 
great  coral  accumulations  continued  to  Louisiade,  thus  extend- 
ing the  surface,  allowing  for  the  great  break  above  mentioned, 
over  many  more  thousands  of  square  miles. 

The  survey  of  Torres  Straits,  between  Australia  and  New 
Guinea,  by  Captain  Blackwood,  has  added  materially  to  our 
knowledge  of  the  Great  Barrier  Reef,  and  Mr.  Beete  Jukes, 
naturalist  to  the  expedition,  has  afforded  us  very  valuable  in- 
formation respecting  it*  He  divides  the  coral  accumulation 
into — 1st,  linear  reefe,  forming  the  outer  edge,  or  actual  bar- 
rier ;  2nd,  detached  reefe,  lying  outside  the  barrier ;  and  3rd, 
inner  reefs,  or  those  which  lie  between  the  barrier  and  the 
shore.  With  respect  to  the  linear  reefs,  they  are  described  as 
generally  long  and  narrow,  more  or  less  parallel  to  the  coast 
of  Australia,  and  separated  by  narrow  breaks  or  passages, 

depth  of  578  French  feet  (G16  English  feet),  on  the  north-west  of  the  roadstead 
of  St.  Paul,  Isle  of  Bonrbon.  It  will  be  obvious  that,  in  such  researches,  the 
friction  on  the  bottom,  by  tidal  streams  and  ocean  currents,  has  carefully  to  be 
distinguished  from  the  movement  produced  among  the  particles  of  water  beneath 
by  the  action  of  surfieu^e  wind-friction  waves  above.  Whatever  the  cause  of 
motion  in  the  superficial  parts  of  the  sea  bottom,  either  from  surfiicc  wave 
action,  or  the  friction  of  tidal  streams,  or  ocean  currents,  the  observation  of  M. 
Elie  de  Beaumont  (appended  to  M.  Siau's  Paper),  respecting  an  inquiry  as  to 
the  depths  at  which  Jixed  animals  are  ibund  upon  bottoms  liable  to  this  motion, 
such  animals  depending  for  their  food  upon  ^e  prey  which  may  pass  them,  is 
equally  important 

•  "  Narrative  of  the  Surveying  Voyage  of  H.M.S.  Fly,  commanded  by  Cap- 
t^n  Blackwood,  R.N.,  in  Torres  Strait,  New  Guinea,  &c"  By  J.  Beete  Jukes, 
M.A.,  &c     London,  1847. 


CORAL  REEFS  AND  ISLANDS.  209 

varying  from  200  yards  to  a  mile  in  width,  and  from  half  a 
mile  to  15  miles  in  length.  They  have  commonly  great  depths 
of  water  on  the  ocean  side,  lines  of  100  or  200  fathoms  rarely 
fipding  bottom  close  to  the  reefs,  while  the  depths  inside  gene- 
rally vary  from  60  to  120  feet.  The  detached  reefe  occur 
only  in  one  locality — somewhat  in  front  of  Cape  Grenville, 
Australia  (if  we  except  the  reeft  eastward  of  the  Great  Bar- 
rier, eastward  of  Torres  Strait),  rise  from  deep  water  all 
round,  and  have  more  or  less  of  a  circular  form,  with  lagoons 
inside.  The  inner  reefe  are  very  numerous,  scattered  over  the 
platform  beneath  the  more  shallow  water  between  the  outer  reefs 
and  the  coast  of  Australia^  sometimes  leaving  an  open  channel 
between  them  and  the  land  on  the  one  side,  or  the  barrier  on 
the  other.  They  are  of  different  forms,  have  sometimes  gra- 
dual slopes  around,  and  at  others  are  steep-sided.* 

Mr.  Beete  Jukes  observes,  that  up  to  about  lat.  2V  10',  at 
Swain's  Reefe,  it  can  scarcely  be  said  that  any  true  barrier 
exists,  there  being  merely  a  bank  of  soundings  off  the  shore, 
^'  with  large  masses  of  coral  reef  settled  upon  it,  and  within 
its  outer  boundary, — almost  equally  large  clear  spaces  inter- 
vening between  the  different  groups  of  reefe.    In  Swain's  Reefe, 

*  Beete  Jokes,  "Surveying  Voyage  of  the  Fly,"  vol.!.,  pp.  317-18.  Mr.  Beete 
Jokes  gives  a  detailed  accoont  of  the  range  of  coral  accumulations  from 
Breaksen  Spit  (vol  i.,  p.  318-332).  Respecting  the  most  southern  portion,  it  is 
stated,  that  <*  from  Sandy  Cape  (Australia),  a  sandy  shoal  runs  out,  partially 
covered  by  coral,  as  it  proceeds  outwards.  It  is  formed  of  siliceous  sand,  wiUi 
10  or  20  fiithoms  of  vrater  upon  it,  sloping  to  30  fitthoms,  after  which  it 
plunges  into  deep  water.  At  the  Capricorn  Group,  about  50  miles  more  north- 
ward, all — even  the  smallest  grains  of  sand — was  calcareous,  and  so  it  seemed  to 
continue  to  the  sedimentary  matter  brought  down  by  the  New  Guinea  rivers, 
eastward  of  Torres  Strait. 

**  North  of  the  parallel  of  23°  10',  there  is  an  open  space  of  sea,  in  which  no 
reeft  occur,  about  50  miles  wide  from  north  to  south ;  and  the  bank  of  soundings 
instead  of  being  a  steep,  well-defined  edge,  slopes  out  very  gradually  far  to  the 
eastward.  The  flat  of  about  20  fathoms,  extends  out  as  usual  fh>m  the  main- 
land for  about  30  or  40  miles,  and  then  gradually  deepens,  till  70,  80,  90,  and 
100  fliUhoms  are  successively  attained,  20  or  30  miles  eastward  of  the  boundary 
of  the  line  of  soundings,  as  it  exists  to  the  southward.  The  character  of  the 
bottom  likewise  changes  from  a  coarse  coral  to  the  finest  possible  mud,  of  a 
light  olive-green  colour,  in  which  the  lead  oflen  wholly  buried  itself  on  reach- 
ing the  bottom.  This,  when  dried,  was  also  entirely  calcareous,  and  wholly 
soluble  in  muriatic  acidt*'— Ibid.  vol.  i.,  p.  320. 

P 
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the  individual  reefs  on  the  outer  edge  of  the  group  can  scarcely 
be  distinguished  in  form  fi^m  those  inside  them,  although  they 
may  have  a  little  more  linear  shape,  and  their  greatest  length 
runs  more  invariably  along  the  line  of  the  boundary  of  the 
group.  It  is  only  at  their  northern  extremity  that  they  assume 
one  of  the  characteristics  of  a  true  barrier,  that  of  rising  like 
a  Vail  from  a  deep  and  almost  fathomless  sea."  *  To  the 
northward  the  reefs  become  more  numerous.  Where  the  de- 
tached reefs  occur  opposite  Cape  Grenville  is  a  great  bay  in 
the  barrier,  with  very  deep  water,  a  line  of  1710  feet  liaving 
failed  to  strike  the  bottom  on  its  southern  side,  four  miles 
inside  the  reefe  forming  the  bay.  Near  this  bay  Yules'  De- 
tached Reef  rises  from  an  unknown  depth,  greater  than  100 
fathoms,  and  appears  to  have  a  lagoon  in  its  centre.  The 
Great  Detached  Reef  rises  on  the  northward  of  this  reef,  also 
from  a  great  depth,  containing  a  lagoon  with  30  fathoms  of 
water  in  it. 

Raine's  Islet  is  also  another  detached  reef  rising  with  steep 
sides  (in  one  place  at  an  angle  of  55^)  from  deep  water. 
Bottom  was  found  at  160  fathoms  one  mile  north  of  the 
islet,  and  at  180  fathoms  two  miles  and  a  half  north-east  of  it. 
On  the  southern  side,  bottom  was  not  found  until  close  to  the 
breakers  of  the  Great  Barrier  Reef,  when  fine  coral  sand  was 
brought  up  from  1 75  and  200  fathoms.f    Pandora's  Entrance, 

*  *^  Between  Swain's  Reefs  and  the  main  land  there  is  a  space  50  to  60  miles 
wide,  clear  of  reefs,  with'^a  depth  of  30  to  50  fathoms."^Beete  Jokes,  "  Sur- 
veying Voyage  of  the  Fly,"  vol.  i.,  p.  321. 

t  Raine's  Island  is  described  as  abont  1000  yards  long  and  500  wide,  rising 
in  no  part  more  than  20  feet  above  high-water  mark.  "  It  is  formed  of  a  pla- 
teau of  calcareous  sandstone,  which  has  a  little  cliff  all  round,  4  or  5  feet  high, 
outside  of  which  is  a  belt  of  loose  sand,  forming  a  low  ridge  between  it  and  the 
sea.  Some  mounds  of  loose  sand  also  rest  upon  the  stone,  especially  at  its 
western  end.  The  length  of  the  island  runs  in  about  a  N.N.W.  and  S.S.E. 
direction.  It  is  surrounded  by  a  coral  reef,  that  is  narrow  on  the  lee  side,  but 
to  windward,  or  towards  the  east,  stretches  out  for  nearly  two  miles.  The 
surface  of  this  reef  is  nearly  all  dry  at  low  water,  and  its  sides  slope  rapidly 
down  to  a  depth  of  150  or  200  fathoms.'*  "  The  island  is  covered  with  a  low 
scrubby  vegetation,"  and  **  the  central  part  of  the  island  had  a  rich  black  soil 
several  inches  deep."  The  stone  forming  the  base  of  the  island  is  described  as 
«  made  up  of  small  round  g^rains,  some  of  them  apparently  rolled  bits  of  ooral 
and  shell,  but  many  of  them  evidently  concretionary,  having  concentric  coats* 
It  was  not  unlike  some  varieties  of  oolite  in  texture  and  appearance.    It  con- 


COBAL  REEFS  AND  ISLANDS.  211 

ihrou^  the  Barrier  Reef,  occurs  in  11*^  10'  S.,  northward  of  the 
deep  hay,  and  the  detached  reefe,  after  which  the  great  reef 
is  made  up  of  long  and  closely-connected  masses,  with  few  and 
small  gaps  for  40  miles.  From  10°  40'  to  Flinder's  Entrance, 
in  lat  9""  40^  the  reeis  consist  of  numerous  spots  and  patches 
(too  close  to  afford  good  entrance  for  vessels),  forming  sub- 
marine pinnacles  or  towers,  rising  from  a  depth  of  90  or  120 
feet,  still,  however,  preserving  the  line  of  the  barrier,  with 
deep  water  outside>  in  which  the  bottom  was  not  found  with 
a  line  of  960  feet 

From  Cape  Weymouth  and  Restoration  Island,  in  conse- 
quence of  the  altered  run  of  the  Australian  coast  and  of  the 
barrier  reefe,  the  difference  between  the  outer  reef  and  the 
main  land  in  the  parallel  of  Cape  York  (the  N.E.  point  of 
Australia),  has  increased  to  80  and  90  miles.  The  whole  of 
the  intermediate  distance  has  not  been  surveyed,  but  Mr. 
Beete  Jukes  states,  that  there  appear  to  be  many  inner  reefs 
at  a  short  distance  from  the  land.  Between  which  and  the 
great  eastern  barrier,  the  sea  is  comparatively  free  from  them, 
many  sunken  patches  being,  however,  scattered  about,  and  the 

tained  large  fragments  of  corals  and  shells  and  some  pebbles  of  pamioe,  and  it 
yielded  occasionally  a  fine  sand  that  was  not  calcareons,  and  which  was  pro- 
bably derived  from  the  pumice.  Some  parts  of  it  made  a  fiur  building  stone, 
bat  it  got  soAer  below,  till  it  passed  downwards  into  a  coarse  coral  sand,  uncon- 
solidated, and  &lling  to  pieces  on  being  touched.  In  the  quarries  opened  next 
year  for  the  beacon  ^constructed  for  the  purposes  of  navigation),  many  recent 
shells  more  or  less  perfect,  were  found  compacted  in  the  stone,  and  one  or  two 
nests  of  turtle's  eggs,  of  which,  in  some  cases,  only  the  internal  cast  had  been 
preserved,  but  in  others  the  shell  remained  in  the  form  of  white  carbonate  of 
lime.  Some  drusy  cavities  were  also  found  in  the  stone,  containing  crystals 
of  gjrpsum."  '^  It  is  evident  from  the  fossil  turtle  eggs  that  the  consolidation  of 
the  stone  had  taken  plaoe  after  it  was  raised  above  the  sea.  It  was  due,  pro- 
bably, to  the  infiltration  of  the  rain-water  percolating  through  the  calcareous 
nnd,  that  had  been  graduaUy  piled  above  high-water  mark  by  the  combined 
aetion  of  the  winds  and  the  waves.  The  thickness  of  the  vegetable  soil  in  its 
centre  shows  that  it  has  been  above  water  for  a  great  length  of  time. — Beete 
Jukes, "  Voyage  of  the  Fly,"  vol.  i.,  pp.  126-12S.  The  whole  sur&oe  of  the  island 
was  oovered  with  birds,  aU  but  one  kind — a  land-rail — sea  birds,  such  as  frigate 
birds,  boobies,  ganneta,  &c.  **  On  walking  rapidly  into  the  centre  of  the  island, 
eocmtlcas  myriads  of  birds  rose  shrieking  on  every  side,  so  that  the  clangour  was 
absolutely  deafening,  like  the  roar  of  some  great  cataract"  There  were  turtle 
tracks  on  the  beach,  and  the  shells  and  skeletons  of  dead  turtles  were  scattered 
aboot  the  island. 
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bottom  irregular  in  places.  "  The  general  depth  varies  from 
12  to  20  fathoms,  the  bottom  being  coarse  sand  (with  many 
foraminifera  and  detached  corals  and  corallines),  gradually 
passing  as  we  approach  the  land  into  finer  sand  and  detritus, 
and  from  that  into  the  finest  possible  mud,  wholly  calcareous 
and  lying  close  to  the  shore."* 

The  outer  barrier  terminates  at  Anchor  Key,  in  lat.  9°  20' 
S.,  and  no  coral  reef  is  found  further  towards  the  coast  of  New 
Guinea,  in  this  direction,  except  the  Bramble  Beef,  described 
as  fringing  round  other  rocks.  The  chart  shows  coral  sand 
and  'fragments  on  the  bottom  in  38  fathoms,  increasing  to  54 
fathoms,  and  stretching  out  50  miles  to  the  eastward  of  the 
Bramble's  Key,  while  all  the  soundings  on  the  norths  in  front  of 
a  low  coast,  with  a  large  discharge  of  fresh  water  from  various 
channels  in  New  Guinea,  are  of  mud  and  sand.  In  front, 
eastward  of  Flinder's  Entrance,  Portlock's  reefe  rise  from  a 
depth  of  360  to  400  feet,  so  that  on  the  north,  as  on  the  south, 
as  is  observed  by  Mr.  Beete  Jukes,  the  corals  rise  from  the 
ocean  in  shallow  water  as  compared  with  the  central  portions. 
Between  Cape  York  and  the  opposite  coast  of  New  Guinea, 
extensive  reefs  seem  to  prevail  adjoining  the  latter,  rising  out 
of  30  to  70  feet  of  water ;  and  a  considerable  reef  connects 
Warrior  Island  with  the  main-land  of  New  Guinea.  All  the 
central  parts  of  Torres  Strait,  from  north  to  south,  between 
Cape  York  and  Turtle-Back  Island,  are  remarkable  for  a  nearly 
uniform  bottom,  9  to  II  fathoms,  formed  of  sand  and  mud. 
No  coral  reefs  were  found  in  this  central  band,  except  narrow 
fringing  reefs  round  islands,  formed  of  other  materials, — ^por- 
pbyries,  granites,  and  quartz  rocks-t 

•  Beete  Jukes,  *•  Voyage  of  the  Fly,"  vol  i.,  p.  330. 

t  Beete  Jukee,  Q*  Voyage  of  the  Fly,"  toI.  i.,  p.  331,)  from  his  experience 
among  the  great  coral  accnmulaticns  of  Eastern  Australia,  has  given  the  fbllow- 
ing  account  of  an  individual  coral  reef: — ^  A  submarine  mound  of  rock,  com- 
posed of  the  fragments  and  detritus  of  corals  and  shells,  compacted  together  into 
a  soft  spongy  stone.  The  greater  part  of  the  surface  of  this  mound  is  quite  flat 
and  near  the  level  of  low  water.  At  its  edges  it  is  commonly  a  little  rounded 
off,  or  slopes  gradually  down  to  a  depth  of  2, 3,  and  4  fkthoms,  and  then  pitches 
suddenly  down  with  a  very  rapid  slope  into  deep  water,  20  or  200  fiithoms,  as 
the  case  may  be.  The  surface  of  this  reef,  when  exposed,  looks  like  a  great  flat 
of  sandstone  with  a  few  loose  slabs  lying  about,  or  here  and  there  an  accnmula* 
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Coral  reefs  are  abundant  in  the  Red  Sea,  frin^ng  the  coasts 
to  a  great  extent.  Numerous  localities  have  been  examined 
for  a  distance  of  about  200  miles  by  MM.  Ehrenberg  and 
Hemprich,  and  150  species  of  corals  were  observed.  Accord- 
ing to  the  former,*  these  reefs  form  shallow  incrustations  on 
the  rocks  of  the  coasts,  from  3  to  12  feet  beneath  the  surface 
of  the  sea,  often  sloping  outwards.  They  do  not  always  adjoin 
the  coast,  but  often  form  narrow  parallel  bands  at  various  dis- 
tances from  it.  The  reefe  are  composed  of  Madrepora,  Rete- 
pora,  Millepora,  Astrsea,  Favia,  Caryophyllia,  Mseandrina, 
Pocillopora  and  Stephanocora,  mixed  with  the  shells  of  mol- 
luscs, the  remains  of  fish,  &c.  According  to  M.  Ehrenberg, 
the  height,  resulting  from  the  accumulation  of  the  same  corals, 
is  small.  With  respect  to  the  banks  and  reefe  lying  some 
distance  from  the  shore,  Captain  Moresby  states  that  they  ap- 

tion  of  dead  broken  coral  branches,  or  a  bank  of  dazzling  white  sand.  It  is, 
howeyer,  chequered  with  holes  and  hollows  more  or  less  deep,  in  which  small 
livisg  corals  are  growing;  or  has,  perhaps,  a  lai^  portion  that  is  always 
ooTered  bj  two  or  three  feet  of  water  at  the  lowest  tides,  and  here  are  fields  of 
corals,  either  clamps  or  branching  Madrepores,  or  round  stools  and  blocks  of 
Msandrina  and  Astrsea,  both  dead  and  living.  Proceeding  from  this  central  flat 
towards  the  edge,  liying  corals  become  more  and  more  abundant.  As  we  get 
towards  the  windward  side,  we  of  coarse  encounter  the  surf  of  breakers  long 
before  we  can  reach  the  extreme  yerge  of  the  reef,  and  among  these  breakers 
we  see  inunense  blocks,  often  two  or  three  yards  (and  sometimes  much  moTe)> 
in  diameter,  lying  loose  upon  the  reef.  These  are  sometimes  within  reach  by  a 
little  wading ;  and  though  in  some  instances  they  are  found  to  consist  of  several 
kinds  of  corals  matted  together,  they  are  more  often  found  to  be  large  individual 
masses  of  species,  which  are  either  not  found  elsewhere  and  consequently  never 
seen  alive  (Mr.  Beete  Jutes  saw  an  irregular  block  of  Mseandrina,  of  irregular 
shape,  12  to  15  feet  in  diameter),  and  which  greatly  surpass  their  brethren  on 
other  parts  of  the  reef  in  size  and  importance.  If  we  approach  the  lee  edge  of 
the  reef,  either  by  walking  or  in  a  boat,  we  find  it  covered  with  living  corals, 
oommonly  Mieandrina,  Astrea,  and  Madrepora,  in  about  equal  abundance,  all 
glowing  with  rich  colours,  bristling  with  branches,  or  studded  with  great  knobs 
and  blocks.  When  the  edge  of  the  reef  is  very  steep,  it  has  sometimes  over^ 
faong^g  ledges,  and  is  generally  indented  by  narrow  winding  channels  and 
deep  holes,  leading  into  dark  hollows  and  cavities  where  nothing  can  be  seen. 
When  the  slope  is  more  gentle,  the  great  groups  of  living  corals  and  intervening 
spaces  of  white  sand  can  be  still  discerned  through  the  clear  water  to  a  depth  of 
40  or  50  feet,  beyond  which  the  water  recovers  its  usual  deep  blue.  A  coral 
reel^  therefore,  is  a  mass  of  brute  matter  living  only  at  its  outer  surfiice,  and 
chiefly  on  its  lateral  slopes." — Ibid.  vol.  i.,  pp.  314-316. 

*  «*UherdieNatarandBildQng  der  Corallen-Banken  des  Bothen  Meeres," 
Berlin,  1834. 
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pear  more  elongated  than  they  really  are  when  correct  plaofi 
are  constructed  of  them.  Though  many  of  these  reefs  rise  to 
the  surface,  the  greater  number  are  found  at  depths  from  30 
to  180  feet,  and  consist  of  sand  and  living  coral,  the  latter 
covering  the  largest  part  of  their  sur£sices.  They  run  parallel 
with  the  shore,  sometimes  connected  with  the  mainland  by 
transverse  banks.     Deep  water  occurs  close  to  them.* 

With  respect  to  the  varied  conditions  under  which  coral 
reefs  are  found,  probably  the  observer  may  conveniently  first 
consider  the  manner  in  which  different  species  of  coral  have 
hitherto  been  known  to  occmr.  As  Mr.  Beete  Jukes  has  re- 
marked, though  the  reef-making  coral  polyps  are  only  known 
to  us  as  living  at  depths  not  extending  beyond  20to30&thoms, 
there  may  be  others  forming  masses  of  calcareous  matter  at 
greater  depths  with  which  we  are  unacquainted.!  The  evidence 
respecting  corals  of  various  kinds  would  lead  us  to  infer  that, 
like  the  molluscs  above-mentioned  (p.  167),  while  some  pre- 
fer, or  are  adjusted,  to  particular  bottoms,  whether  solid  rock, 
sand  or  mud,  at  various  depths,  moderate  or  considerable, 
others  are  only  to  be  found  in  shallow  water.  Viewing  the 
subject  in  this  light,  the  corals  living  at  the  surface  of  the  sea 
may  be  compared  with  littoral  molluscs  keeping  situations 
peculiar  to  them.  While  some  appear  adjusted  to  the  nearly 
constant  movement  of  ocean  breakers,  others,  even  at  small 
depths,  require  tranquil  water ;  so  that  at  nearly  equal  depths 
the  corals,  forming  the  hard  mass  of  the  reef,  or  finding  shelter 
amid  its  cavities,  in  the  lee  of  lagoons,  when  there  are  such, 
divide  themselves  into  two  classes. 

Referring  to  the  early  and  swimming  state  of  the  reef- 
making  coral-polyps,  we  may  assume  that,  wherever  fitting  con- 
ditions presented  themselves,  they  could  settle,  adhere  to  a 
sufficiently  hard  substance,  and  commence  the  foundation  of  a 
reef.     If  we  take  coasts  as  they  are  variously  presented  to  us. 


*  Darwin  («  Strnctare  and  Distribntion  of  Coral  Keeft,*'  p.  198),  firom  in- 
formation oommonicated  to  him  by  Captain  Moresby.  ^ 

f  It  would  be  well  carefully  to  examine  the  coral  reefs  which  have  been 
undoubtedly  nused  above  the  sea  by  geological  moyements  for  the  qiecies  con- 
tained in  their  lower  parts. 
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we  find  that,  as  regards  depth,  we  may  have  the  20  or  30 
fiithoms  for  the  reef-making  corals  either  close  to  the  shore,  or 
remoYed  to  various  distances  from  it.  So  that,  assuming  the 
swimming  germs  to  meet  with  the  requisite  bottom,  they  can 
commence  their  reef-rearing  labours  at  various  distances  from 
the  land,  and,  raising  the  reefe,  form  very  different  lines  around 
or  adjoining  it    Let,  in  the  annexed  diagram  (fig.  76),  a  a  be 


the  surfiace  of  the  sea  round  an  island,  h  h  the  level  beneath 
that  surface  at  which  the  swimming  coral  germs  can  attach 
themselves  and  begin  their  labours,  then  at  c  the  reef  would  be 
fringing  and  adjoining  the  coast ;  while  at  <f,  a  bank  might  be 
raised  up,  forming  a  barrier  reef  to  the  coast  e.  Such  a  bank 
once  established,  the  space  ^  between  the  coast,  &,  and  the  bar- 
rier, dj  becomes  fitted  for  those  corals  which  require  the  shelter 
afforded  by  the  latter.  Whether  from  being  best  adapted  for 
procuring  food,  or  as  affording  conditions  ill-suited  to  the  coral- 
eating  animals,  the  surface  reef-making  corals  flourish  in  the 
surf  of  breakers,  so  that  they  grow,  as  a  mass,  outwards. 
With  respect  to  original  bottom,  if  there  be  sufficient  tran- 
quillity at  the  depth  of  120  feet  from  wind-wave  action,  either 
directly  produced  on  the  spot  by  winds,  or  transmitted,  as  a 
ground  or  ocean-swell,  from  a  distance,  there  appears  no  reason 
why  the  corals  found  at  that  depth,  in  lagoons  and  other  shel- 
tered situations  inside  barrier  reefs,  should  not  live  and  die 
under  such  circumstances,  besides  other  corals,  not  yet  known. 
These  would  form  a  base  on  which  the  more  shallow-water  and 
Jittoral  corals,  among  them  those  able  to  resist  the  breake)--surf 
itself^  would  begin  their  work.  So  long  as  these  keq)  at  suffi- 
cient depths,  the  mechanical  action  of  the  breakers  will  little 
aflkct  them,  but  as  they  rise  with  the  reef  they  gradually  come 
within  its  influence,  so  that  finally  the  coral  masses  are  dealt 
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with  as  the  rocks  of  any  other  coast  would  be  under  similar 
conditions. 

While  corals,  thus  forming  a  coast,  may  be,  to  a  certain  ex- 
tent, adjusted  to  the  powers  of  ordinary  breakers,  any  increase 
in  the  force  of  the  breakers  over  the  resisting  powers  of  the 
corals  would  break  off  portions  of  the  latter,  so  that,  during 
heavy  gales  of  wind,  the  resistance  becoming  very  unequal  to 
the  force  employed,  large  masses  of  the  reef  are  torn  off  and 
hurled  over  the  reef  inwards.  This  can  scarcely  happen  with- 
out minor  portions  being  also  thrown  over,  or  broken  off  from 
the  detached  masses,  and  the  general  action  such  that  fragments 
of  the  coral  mass  fall  outside  the  steep  slope  of  the  outward 
growth,  a  steep  slope  which  we  should  expect  to  have  been 
gradually  formed  as  the  coral  reef  rose  within  the  mechanical 
action  of  the  breakers.     Let  a  h  (fig.  77)  be  the  surface  of  the 
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sea  in  calm  weather  (for  the  moment  considered  without  refer- 
ence to  changes  of  level  produced  by  tides),  c  rf  a  depth  at 
which  reef-making  corals  can,  other  conditions  being  favourable, 
establish  themselves,  and  &,  e,  the  commencement  of  a  reef,  not 
raised  so  high  as  materially  to  feel  any  of  the  mechanical  efiects 
arising  from  any  wave-action,  W,  W,  W,  though  every  successive 
addition  to  the  reef  would  bring  it  more  and  more  within  that 
influence.  When,  by  vertical  increase  in  the  coral  mass,  a 
breaker  could  be  formed  by  sufficient  proximity  to  the  wave, 
W,  W,  W,  abrasion  would  commence  as  the  coral  resistance 
became  unequal  to  the  force  employed,  and  the  detritus  would 
be  scattered  on  each  side,  the  inside  probably,  from  the  direc- 
■ion  in  which  the  force  was  applied,  receiving  the  chief  portion, 
labile  some  fell  orutwads  towards  h  d.    As  the  coral  growth 
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rose  to  the  surface,  under  ordinary  weather,  the  increase  more 
than  meeting  the  loss  by  abrasion,  the  interior  would  be  filling 
up  also  by  corals,  some  of  which  required  the  shelter  there 
afforded  them.  Outside,  the  breaker  action  would  remove 
the  smaller  fragments  in  mechanical  suspension,  leaving  the 
larger  blocks,  so  that  hollows  amid  the  latter  would  get  filled 
with  a  portion  of  the  finer  matter,  the  greater  part  of  which 
would  be  carried  out  at  the  base  of  the  reef,  more  or  less 
ground  into  sand  by  the  friction  to  which  it  may  have  been 
exposed. 

If  we  suppose  the  reef  to  have  so  risen  that  it  touches 
the  surface  of  the  sea,  the  growth  of  the  coral  still  increas- 
ing the  mass  beyond  the  power  of  the  surf  to  break  off 
portions  of  the  reef,  a  time  would  come  when,  fi*om  the 
usual  breaker  action  upon  coasts  previously  mentioned, 
fragments  of  various  sizes,  with  coral  pebbles  and  sand, 
from  continued  friction  of  the  fragments  in  the  surf,  would 
be  thrown  up  in  a  bank  upon  the  reef,  with  sand  added 
by  the  winds.  The  decomposition  of  the  animal  matter  in  the 
more  freshly  broken  pieces  of  coral,  added  to  any  animal  matter 
entangled  amid  the  reef,  would  assist  in  its  consolidation  by, 
among  other  things,  the  production  of  carbonic  acid,  for  com- 
bination with  the  water  to  act  on  the  carbonate  of  lime  of  the 
corals,  so  that  sufficient  would  be  taken  up  in  solution  to 
cement  them  together,  by  subsequent  deposit  among  the  coral 
fragments,  thus  forming  conglomerates  and  sandstones.  A  dry 
portion  once  above  water,  the  often  described  vegetation  suc- 
ceeds, the  decomposition  of  which  also  affords  free  carbonic 
acid  for  further  solution  of  carbonate  of  lime,  and  an  additional 
consolidation  of  the  mass  beneath  by  chemical  means.  Con- 
sidering the  mixture  of  animal  matter  in  the  coral  mass  itself, 
entangled  among  it  in  various  ways,  and  by  its  decomposition 
affording  carbonic  acid,  and  the  conditions  under  which  this 
carbonic  acid  could  be  brought  to  aid  in  the  solution  of  the 
carbonate  of  lime  of  the  coral  polyps,  it  will  be  seen  that  cir- 
cumstances may  often  arise  for  the  obliteration  of  the  organic 
texture,  and  the  substitution  of  calcareous  matter,  presenting 
an  inorganic  character,  such  as  has  been  often  remarked. 
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The  nearer  the  surface  the  greater  would  be  the  power  oi 
the  breaker  action  to  peel  off  the  upper  coating  of  the  reef, 
during  heavy  gales  of  wind,  and  cast  the  fragments  inwards,  as 
well  as  the  rounded  pebbles  which  may  have  been  formed  in 
fitting  situations  at  ordinary  times  by  the  conunon  force  of  the 
breakers.  We  should  expect  this  to  be  effected  to  distances 
beyond  the  margin  of  the  reef  dependant  upon  circumstances, 
among  which  the  rise  and  fall  of  the  tide,  botii  during  ordinary 
weather  and  at  the  time  of  any  heavy  gale  of  wind,  have  to  be 
regarded.    Assuming  c,  ^,  (fig.  78)  to  be  the  difference  of  the 
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tide  level,  it  will  be  obvious  that  any  power  which  the  breakers 
may  have  at  the  level  a,  c,  will  be  changed  during  the  rise  and 
fall  of  the  tide,  ranging  up  and  down  all  the  portions  of  the 
reef  exposed  within  the  depth  <,  c.  We  have  assumed  as  in 
the  accompanying  section  (fig.  77),  that  the  coral  animals  in 
their  free  swimming  state  met  with  a  bank  m,  o,  n,  so  that  at  the 
level  b  dy  they  found  the  conditions,  as  to  depth  and  other 
things,  suited  to  them.  Assuming  that  they  would  not  work 
beneath  this  level,  as  the  reef  rose,  and  the  detritus  outside 
accumulated,  the  latter  would  cover  over  the  deeper  part  o  n, 
of  the  original  bank,  by  successive  coatings,  over  which  the 
coral  polyps  would  advance  their  work  laterally,  thus  covering 
horizontally  a  detrital  mass,  laminated  at  an  angle  according 
to  the  slope  on  which  it  may  accumulate.  Taking  the  outside 
detrital  increase  at  any  given  amount  of  cubic. contents,  it  would 
follow  that,  according  to  tlie  small  slope  of  the  original  bank 
would  be  the  rapidity  of  the  lateral  advance  over  which  the 
corals  might  be  disposed  to  work,  steep  slopes  affording  the 
least  ground  at  a  given  level  for  such  increase.  For  the  sake 
of  easy  illustration  we  have  assumed  a  bank  such  as  that  near 
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Break-sea  Spit,  on  the  coast  of  Australia,  and  above  mentioned 
(p.  209),  which  after  retaining  a  certain  general  depth,  and  pre- 
senting a  rounded  margin,  plunges  into  deep  water. 

It  may  now  be  desirable  to  consider  the  effects  which  would 
result,  in  the  regions  of  coral  ree&,  from  volcanic  action.  We 
have  seen  that,  within  our  own  times,  volcanic  action  has 
brought  ashes  and  cinders  to,  and  above  the  sea  level  in  the 
Mediterranean  (p.  80)  and  in  the  Atlantic  (p.  116),  tiiat  the 
islands  so  produced  have  been  temporary,  and  that  very  pro- 
bably the  incoherent  matter  of  which  they  were  composed  has 
been  cut  down  to  the  depths  at  which  breaker,  or  wave  action 
could  disturb  and  remove  such  matter.  At  lea£(t  this  could 
scarcely  but  happen,  supposing  no  subsidence  from  the  pressure 
of  the  water  into  the  crater  in  such  a  manner  as  to  lower  the 
volcanic  mass,  independentiy  of  any  subsidence  from  volcanic 
causes  themselves,  carrying  down  the  ashes  and  cinders  beyond 
the  influences  of  breakers  and  waves. 

If  in  the  annexed  diagram  (fig.  79)  we  consider  <z,  ft,  c,  e?,  to 


be  a  section  of  a  volcanic  cone,  the  top  of  which  was  forced 
during  some  eruption  above  the  level  of  the  sea,  ^,/,  that  this 
condition  ceasing,  breaker  and  wave  action  cut  down  the  loose 
materials  to  the  level  ^,  A,  one  to  which  their  influence  could 
extend,  even  probably  sifting  the  ashes  and  cinders,  as  in 
the  case  of  the  Island  of  Sciacca  (Mediterranean),  so  that  a 
somewhat  stony  bottom  might  be  the  result,  we  should  have 
conditions  fitted,  in  the  coral-reef  seas,  for  the  settiement  of  the 
germs  of  the  reef-making  polyps  at  i  and  k.  At  those  points 
of  the  section  the  reef-making  corals  would  increase  as  above 
notdced,  when  they  rose  sufficiently  high  to  be  acted  upon  by 
the  breakers,  fragments  broken  off,  and  partly  thro¥m  down  on 
the  outsides,  towards  a  and  d,  and  the  corals  spreading  over 
them  as  previously  noticed.    Inside  there  would  be  a  lagoon, 
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which,  as  soon  as  a  general  barrier  of  coral  was  established 
outside,  would  be  filled  in  the  usual  manner  with  corals  and 
other  marine  creatures  suited  to  the  sheltered  conditions  there 
found.  The  overflow  of  the  breaker-waters,  and  the  rise  and 
fall  of  tides  combined,  would  tend  to  keep  open  a  channel  or 
channels  between  the  lagoon  and  the  sea  outside,  and,  finally, 
terrestrial  vegetation  would  establish  itself  upon  a  coral  bank 
chiefly  raised  into  the  atmosphere  by  the  piling  influence  of  the 
breakers  upon  the  coral  ridge.  The  forms  of  such  islands 
would  necessarily  depend  much  on  the  horizontal  section  of 
the  volcanic  accumulation,  when  cut  down  by  breaker  and 
wave  action,  and  we  should  expect  the  submarine  and  steep 
flanks  of  the  mass  to  be  incrusted  by  coral  sands  and  fragments 
in  proportion  to  the  time  during  which  the  reef-corals  may 
have  been  increasmg  outwards  in  any  particular  locality,  so 
that  the  sounding-lead  could  bring  up  little  else  around  the 
coral  reefs  and  island  except  coral  detritus,  and  the  marine 
animals  which  could  exist  under  the  needful  conditions  at 
various  depths  around  the  main  mass. 

As  we  have  abundant  proofe  that,  not  only  ashes  and  cinders 
have  been  vomited  out  of  volcanic  vents,  reaching  to  and  be- 
yond the  sea-level,  but  molten  rock  also,  the  whole  even  attain- 
ing considerable  altitudes,  such  as  the  volcanic  heights  of 
Hawaii,  and  others  of  the  Sandwich  Islands,  with  deep  water 
around  them,  it  may  not  be  undesirable  for  the  observer  to 
consider  the  conditions  under  which  coral  reefs  might  be 
gathered  around  such  volcanic  masses.  Let,  in  the  annexed 
section  (fig.  80)  a,  A,  c,  representt  he  remains  of  a  mixed  volcanic 
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mass  of  molten  rock,  and  of  ashes  and  cinders,  cut  away  by 
atmospheric  influences  and  breaker  action,  so  that  a  portion  of 
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hard  rock  b,  perhaps  once  molten  matter  in  the  crater  of  a 
volcano,  stands  above  the  level  of  the  sea,  while  at  ff  and  f 
incoherent  ashes  and  cinders  are  cut  back  by  breaker  action 
(as  in  fig.  79)  to  this  hard  rock.  We  should  now  have  con- 
ditions for  the  formation  of  reefe  at  /  and  ^,  under  the  same 
circumstances  as  above  noticed  (fig.  TS),  with  this  difierence, 
that  instead  of  an  uninterrupted  lagoon  in  the  interior  of  the 
coral  reefs,  there  would  be  land  emerging  from  it,  so  that  these 
reefe  would  be  encircling.  In  addition  to  the  usual  causes  of 
keeping  channels  open,  the  islands,  if  of  good  size,  might  con- 
tribute fresh-water  streams,  at  times  charged  with  detrital 
matter,  preventing  the  increase  of  the  coral  reefe  in  the  lines 
which  they  traversed. 

It  would  appear  desirable,  in  the  first  instance,  that  an  ob- 
server should  direct  his  attention  to  the  conditions  under  which 
cord  reefs  and  islands  could  be  formed,  either  as  lagoon 
islands,  ree&  touching  or  encircling  land  composed  of  ordinary 
detrital  or  igneous  rocks,  or  upon  shoals  and  banks  ranging  in 
front  of  considerable  lines  of  coast.  It  is  not  a  little  interesting 
further  to  consider  the  mode  in  which  a  general  mass  of  coral 
matter  would  be  composed,  after  a  lapse  of  time  sufficient  to 
complete  the  filling  up  of  lagoons,  with  or  without  the  pro- 
trusion of  dry  land  formed  of  ordinary  rocks  through  them,  or 
the  space  between  an  outer  line  of  coral  reefs  and  a  consider- 
able range  of  coasts  such  as  that  in  a  portion  of  Eastern  Aus- 
tralia. 

As  to  the  height  to  which  corals  may  rise,  Mr.  Beete  Jukes 
found  coral  polyps  alive  six  or  eight  inches  out  of  water,  and 
so  remaining  for  nearly  an  hour,  until  the  return  of  the  tide. 
He  often  observed  the  same  fact,  and  believes  that  an  exposure 
to  the  air  and  sun  will  not  kill  many  of  the  polyps,  so  long  as 
the  coral  remains  in  a  position  of  growth,  the  cells  retaining 
their  moisture.  He  has  seen  blocks  of  living  astrsea,  the  tops 
of  which  were  18  inches  above  water.  This  shows  that  we  may 
take  the  ordinary  tide  level  for  that  to  which  the  reef-making 
coral  polyps  can  work  under  favourable  conditions ;  and  that 
there  may  be  a  mass  of  matter  coinciding  with  the  line  of  a 
main  reef  roimd  a  lagoon-encircling  island,  or  in  front  of  a  long 
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range  of  coaat,  which  may,  from  the  top  to  the  other  suhstancea 
on  which  the  reef  reposes,  be  chiefly  formed  by  the  growth  of 
corals  upon  each  other,  though  mixed  with  the  hard  remains  of 
marine  animals  inhabiting  the  cavities  amid  the  corals,  or  with 
detrital  portions  driven  in  amid  the  hollows  of  the  rising  mass. 

To  whatever  extent  the  germs  of  coral  polyps  could  settle 
upon  any  sur&ce,  beneath  the  sea-level,  suited  to  their  develop- 
ment, conditions  would  change,  as  the  reef  portion  rose  seaward, 
behind  the  shelter  gradually  afforded  from  the  roll  of  the  waves, 
and  their  action  on  the  bottom  beneath ;  so  that  while  sands  and 
fragments  of  corals,  broken  off  by  the  breakers,  arranged  them- 
selves, as  above  mentioned,  outwards,  (the  reef-making  polyps 
working  over  this  detritus,)  a  very  complicated  series  of  deposits 
and  coral  growths  would  be  formed  inwards.  In  the  case  of 
coral  lagoon-islands,  there  would  finally  be  calcareous  plateaux 
of  very  variable  areas,  some  many  square  miles  in  extent,  of 
equal  levels,  separated,  in  such  regions  as  the  coral  island 
groups  of  the  Pacific  Ocean,  by  irregular  intervals  of  deep 
water.  These  isolated  sheets  of  matter  of  general  similar  cha- 
racter would  be,  to  a  certain  extent,  stratified^  though  coral 
growths  may  pierce  the  general  mass  in  various  directions ;  the 
strata  composed  of  beds  of  coral  sand  and  mud,  as  these  gra- 
dually accumulated,  mingled  with  the  shells  of  molluscs,  the 
spines  and  coverings  of  echinoderms,  the  hard  remains  of  fish, 
with  possibly  also  those  of  certain  birds  and  turtles,  even  the 
eggs  of  the  latter  being  preserved  in  the  higher  sand-banks. 
There  would  be  deposits  of  calcareous  mud  outside  also,  at 
depths  where  it  could  accumulate  in  an  undisturbed  manner ; 
this  calcareous  mud  borne  out  of  the  outlet  channels  during 
ebb-tides,  and  when  heavy  gales  drove  an  abundance  of  water 
over  the  weather-side  of  the  encircling  reefe,  to  escape  out  ot 
the  same  channels.  Such  mud  might  be  widely  spread  by 
tidal  streams  and  ocean  currents,  and  so  far  constitute  a  kind  of 
connexion,  enveloping  uneven  and  submarine  ground,  between 
the  coral  plateaux. 

In  the  case  of  the  reefi^^  more  or  less  encircling  islands  of 
raried  magnitudes,  and  composed  of  ordinary  sedimentary  and 
igneous  rocks,  there  would  be  a  modification  of  the  deposits 
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inside  the  reeft,  so  £sur  as  a  supply  of  decomposed  rocks  from 
atmospheric  influences  and  ordinary  detritus  from  such  lands 
would  be  concerned.  The  remsdns  of  a  larger  and  more 
varied  amount  of  terrestrial  vegetable  and  animal  life  would 
be  there  expected ;  as,  also,  under  favourable  conditions,  the 
addition  of  the  harder  parts  of  fluviatile  creatures.  Where 
intermingled  with  the  simple  lagoon  reefs,  there  would  be 
corresponding  modifications  of  the  interior  deposits  at  the 
same  general  level. 

As  respects  the  accumulations,  for  so  many  thousand  square 
miles,  inside  the  Great  Barrier  Reef,  off  the  eastern  coast  of 
Australia,  there  would  be  a  great  sheet  of  matter,  as  a  whole, 
having  a  certain  general  character.  Viewing,  generally,  this 
range  of  coast,  there  is  a  great  absence  of  fresh  waters  draining 
from  the  adjoining  land;  indeed,  water  is  scarce  along  it 
under  ordinary  conditions.  Hence  no  material  influence  is 
exercised  on  the  growth  of  the  coral  polyps,  and  their  associa- 
ted life,  by  rivers  and  streams  of  fresh  water,  either  clear  or 
€sharged  with  detritus  in  mechanical  suspension.  Seaward  we 
have  the  same  conditions  as  the  outward  portions  of  the 
lagoon  ree&,  for  about  1000  miles ;  the  southern  portion  ranging 
beyond  the  circumstances  fitted  for  the  development  of  the  reef- 
making  coral  germs,  and  resting  on  banks  of  ordinary  sihceous 
sand,  while  the  northern  portion  is  terminated  by  the  influx  of 
river  waters,  bringing  down  muddy  matter  from  New  Guinea  ; 
thus  also  preventing  the  same  germs  from  properly  establishing 
themselves,  though  conditions  would  otherwise  appear  to  be 
fitted  for  their  development,  for  passing  the  outflow  of  the  river 
waters,  coral  reefs  are  again  established  to  the  northward. 

Inside  this  long  line  of  outer  reefs,  accumulations  are 
effected  as  in  the  ordinary  isolated  lagoon  reefs,  until  the  main 
line  of  coast  is  approached,  where  the  observer  would  expect 
modifications,  though  on  a  larger  scale,  of  the  kind  found 
around  the  islands,  composed  of  ordinary  rocks,  inside  encir- 
cling reefs,  and  above  noticed.'^  Such  a  small  volume  of  fresh 
waters  flowing  outwards  from  the  land,  comparatively  little 

*  The  green  mud  off  Cape  Direction,  east  coast  of  Australia,  is  vfaoUy 
oeleareons. — Beete  Jukes,  *'  NarratiTe,"  &c. 
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detrital  matter  from  the  interior  seems  transported  &r  sea- 
ward, so  that  the  calcareous  detritus  derived  directly  from  the 
reefs,  and  ground  finer  by  friction  from  breaker  action,  or 
passed  through  the  animals  feeding  on  the  coral  polyps,  readily 
becomes  forced  towards  the  land  from  the  prevalent  action  of 
the  waves  in  that  direction.  It  there  mingles  near  the  coasts 
with  such  detritus  as  may  be  derived  from  the  land  by  breakers, 
however  modified  these  may  be  from  the  shelter  afibrded  by  the 
outer  reefs,  or  be  carried  out  into  such  tidal  streams  as  prevail 
by  the  rivers  in  flood.  Viewed  as  a  whole,  we  should  expect 
much  continuity  in  some  of  the  deposits,  particularly  the  finest, 
in  many  parts  of  the  great  area  comprised  between  the  coasts 
and  the  outer  great  barrier  reefs,  ii\  which  an  abundance  of  mol- 
luscs, radiata,  and  layers  of  certain  corals,  with  the  harder  parts 
of  fish  and  crustaceans,  would  be  entombed.  Near  the  land, 
and  particularly  where  mangrove  swamps  prevail,  (and  they 
appear  not  uncommon,)  there  would  be  modifications  of  these 
continuous  deposits,  as  a  whole,  constituting  a  great  mass  more 
or  less  stratified,  intermingled  here  and  there,  especially  to- 
wards the  outer  barrier  ree&,  with  complicated  mixtures  of 
coral  growth  in  reefs,  the  detrital  matter  derived  from  them, 
the  harder  parts  of  other  marine  animals  living  among  them, 
and  with  alterations  of  structure  produced  by  chemical  means. 

Stratification,  or  an  approximation  to  it,  is  not  confined  to 
the  coral  sands  and  mud,  and  the  layers  )f  organic  remains 
which  may  be  intermingled  with  them,  for  a  tendency  to  split 
into  slabs  is  often  noticed  in  the  mass  of  the  reefs.  Indeed, 
Mr.  Beete  Jukes  not  only  mentions  such  a  mode  of  occurrence 
at  Heron  Island,  (part  of  the  eastern  Australian  coral  accu- 
mulation,) but  joints  in  the  reef  also,  splitting  the  coral  rock 
into  blocks  of  from  one  foot  to  two  feet  in  the  sides.  These 
joints  or  divisional  planes  are  parallel  to  the  dip  and  range  of 
the  beds  respectively,  and  the  coral  beds  dip  seaward  at  an 
angle  of  from  8^  to  10\ 

Having  studied  coral  reefs  and  islands,  with  reference  to 

localities,  and  to  their  present  adjustment  to  levels  beneath  the 

urface  of  the  sea,  as  if  he  could  transport  the  existing  shores 

f  Europe,  with  all  their  modifications  as  to  form  and  depth  of 
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water,  cutting  back  by  breaker  action,  drainage  from  the  in- 
terior of  land,  and  even  the  volcanic  shoals  found  in  the 
Mediterranean,  to  regions  where  the  germs  of  reef-making 
polyps  could  settle  and  be  developed;  the  observer  has  next 
to  turn  his  attention  to  the  consequences  which  would  follow 
any  of  those  changes  of  the  relative  levels  of  sea  and  land, 
both  on  the  small  and  large  scale,  and  to  be  subsequently  fur- 
ther noticed,  which  the  study  of  geology  teaches  us  has  so 
fipequently  occurred. 

There  can  be  little  doubt  of  coral  banks  and  reefs  similar  to 
those  in  the  seas  of  our  times,  and  in  coral-reef  regions,  having 
been  raised  above  the  surface  of  the  sea,  like  other  marine 
accumulations,  forming  dry  land.  Such  have  been  long  known. 
MM.  Quoy  and  Gaimard,  who  accompanied  the  expedition  of 
M.  Freycinet,  and  who  remarked  on  the  moderate  depths  to  which 
the  reef-making  corals  appeared  to  extend,*  mention  that  on 
the  coasts  of  Timor  coral  banks  so  occur  above  the  sea  level  as  to 
have  induced  M.  Peron  to  consider  the  whole  land  formed  of 
them.f  At  Oahu,  and  other  places  in  the  Sandwich  islands, 
coral  banks  have  been  long  known  to  extend  inland,  and  more 
modem  researches  have  confirmed  these  observations^  Mr. 
Couthouy,  in  particular,  gives  an  account  of  ancient  reefs,  now 
raised  above  the  sea  level,  at  the  islands  of  Maui,  Morokai, 
Oahu,  and  Tauai.j:  We  had  occasion  to  remark  also  some 
years  since  on  the  raised  coral  reefs  on  parts  of  the  coast  of 
Jamaica.§  Elizabeth  Island,  off  the  eastern  side  of  the  low 
archipelago,  (between  Dude  and  Pitcaim  Islands,)  has  been 
considered,  from  the  description  of  Captain  Beechey,||  to  be  a 
good  case  of  a  raised  coral  island,  its  flat  summit  80  feet  above 
tibe  sea.  Mr.  Darwin  has  accumulated  a  mass  of  informa- 
tionY  from  the  personal  communications  of  the  Rev.  J.  Wil- 

•  Qnoy  and  Gaimard,  Snr  rAocroisement  des  Polypes  Lithophytes  oonsid^r^ 
g^logiquement,  Anoales  des  Sciences  Natorelles,  torn.  vi. 

t  Upon  proceeding  inland  a  short  distance,  MM.  Qnoy  and  Gaimard  found 
thoe  coral  banks  resting  on  vertical  beds  of  slate. 

X  Remarks  on  Coral  Formations. 

j  Geological  Manual,  3rd  edit  1833,  p.  165. 

Ij  Beeehey,  Voyage  to  the  Pacific. 

4  Darwin,  Structure  and  Distribution  of  Coral  Beeik,  pp.  132-137. 
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liams,  Mr.  Martens,  (of  Sydney,)  and  Mr.  G.  Bennett,  and 
fr^m  numerous  voyagers,  and  other  authors,  showing  coral 
banks  elevated  to  various  heights  above  the  level  of  the  sea  in 
the  Cook  and  Austral  Islands,  Savage  Islands,  the  Friendly 
Islands,  the  Navigator  Group,  the  New  Hebrides,  New  Ire- 
land, the  Marianas,  the  East  India  Archipelago,  the  Loo-Choo 
Islands,  Ceylon,  Mauritius,  Madagascar,  part  of  the  eastern 
coast  of  Africa,  the  Red  Sea,  and  the  West  India  Archipelago. 
In  fact,  this  list  comprises  examples  in  all  seas  where  coral 
ree&  and  islands  have  been  noticed,  and  leaves  little  doubt  that 
since  coral  reefs  and  islands  were  formed,  as  they  now  are,  in 
the  fitting  regions,  many  throughout  those  regions  have  been 
raised  above  the  level  of  the  sea  into  the  atmosphere. 

Lafu  Island,  one  of  the  Loyalty  group,  has  also  been  noticed 
by  the  Rev.  W.  B.  Clarke  as  a  raised  coral  island.  It  is  about 
90  miles  in  circumference,  and  surrounded  by  a  {ringing  reef, 
upon  which  the  depth  gradually  increases  outwards  for  a  quarter 
of  a  mile,  the  reef  then  plun^ng  into  deep  water.  Ilie  whole 
island  is  composed  of  dead  coral.  Its  average  height  above  the 
sea  is  about  120  feet ;  and  it  attains,  at  points  on  the  eastern 
side,  an  elevation  of  250  feet  There  is  a  ledge  or  shelf,  like 
that  now  surrounding  the  island,  at  70  or  80  feet  above  the 
sea.  The  surface  is  table  land,  with  hollows  and  elevations, 
just  such  as  characterise  a  coral  reef.  Mr.  Clarke  infers  that 
this  island  has  been  elevated  at  two  distinct  periods ;  at  the 
first  to  the  amount  of  170  feet,  at  the  second  to  80  feet  addi- 
tional height* 

In  considering  the  elevation  of  coral  ree&  above  the  sea- 
level,  the  observer  should  also  take  into  account  the  portions  of 
a  sea-bottom,  which  may  by  the  same  means  be  brought  within 
such  a  distance  of  the  surface-water,  that  the  germs  of  the 
various  coral  polyps,  which  aid  in  the  establishment  of  a  reef, 
could  find  the  needful  conditions  for  establishing  themselves. 
He  has  to  bear  in  mind  that  inequalities  of  the  sea-bottom 
exist  as  much  in  coral  regions  as  in  others ;  indeed,  the  igneous 
character  of  many  islands  in  the  tropics,  particularly  in  the 

*  Clarke,  Quarterly  Journal  of  the  Geological  Society  of  London,  toI.  iii. 
p.  61,  1847. 
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Pacific  and  Indian  Oceans,  would  lead  us  to  expect  no  slight 
yariationa  in  this  respect.  Many  a  boss  or  extended  collection 
of  Yolcanic  inequalities  may  be  raised  by  the  same  movements 
as  those  which  have  elevated  the  coral  banks  to  various  alti- 
tudes above  the  sea ;  and  while  some  pierced  the  surface-level  of 
the  water,  to  be  dealt  with  by  the  atmosphere  and  the  breakers, 
as  far  as  their  varied  resistances  to  the  destructive  action  of 
the  one  or  the  other  might  permit,  others  would  be  differ- 
ently circumstanced.  Some  formed  of  incoherent  cinders  and 
ashes  would  readily  be  cut  down  to  the  level  to  which  breaker 
action  could  extend ;  while  others  would  only  just  reach  the 
needful  depth  beneath  the  surface-water  for  the  establishment 
of  coral  ree&. 

« 

As  respects  inequalities  of  sea  bottom,  if  the  Great  Bank  of 
Newfoundland  were  in  coral  regions,  and  were  elevated  from 
its  present  relative  level,  so  that  its  broad  platform  with  its 
common  depth  of  from  40  to  50  fathoms,  one  small  portion  of 
the  area  being  occupied  by  the  Virgin  Rocks,  were  raised 
about  20  fathoms,  by  which  coral  reef-making  germs  could 
fix  and  develop  themselves  under  fitting  conditions^  we  should 
have  an  area  of  between  35,000  to  40,000  square  miles,  around 
the  irregular  margin  of  which  there  would  be  conditions  as 
represented  beneath  (fig.  81 )  for  an  extended  border  of  coral 
reefs.  The  sea  around  the  margin  would  often  be  suddenly 
deep.  The  new  Admiralty  Chart  of  the  North  Atlantic  gives 
106, 137,  147,  132,  107,  and  149  fathoms,  as  now  foimd  close 
off  the  south-eastern  side  of  the  Great  Bank.  There  would 
be  an  island  of  small  size,  now  the  Virgin  Rocks,  above  water 
with  still  20  fathoms  close  to  it ;  and  supposing  a  somewhat 
questionable  shoal  (with  Slg  fiaithoms  upon  it),  about  40  miles 
to  the  eastward  of  the  Vlr^  Rocks  to  be  really  existing, 
there  would  be  another  small  island  in  the  same  area.  The 
Great  Bank,  with  its  continuation  the  Green  Bank,  would  be 
separated  by  a  channel,  then  55  to  79  fathoms  deep,  from 
the  St.  Pierre  Bank,_  round  the  edges  of  which  there  would 
be  conditions  for  a  fringe  of  coral  reefs,  enclosing  a  large 
area  of  water  with  no  land  above  its  surface.  Indeed,  the 
St  Pierre  Bank  would  then  bear  an  external  resemblance 

o  2 
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to  a  great  atoll,  about  140  miles  across  from  south-east  to 
north-west,  with  a  maximum  breadth  from  south-west  to  north- 
east of  about  70  miles,  and  having  a  somewhat  steep  slope 
outside,  on  the  south-west  side,  into  118, 160,  and  149  fathoms, 
the  change  from  the  present  depths  being  taken  into  ac- 
count.* 

In  the  Bermudas  we  seem  to  have  an  instance  of  an  isolated 
bank  in  the  Atlantic,  far  distant  from  land,  and  rising  from 
deep  water,  upon  the  upper  part  of  the  crown  of  which  coral 
reefs  have  established  themselves,  mingled  with  others  which 
have  been  described  as  chiefly  composed  of  Serpulse,  NulliporsB 
incrusting  the  work  of  the  marine  animals  as  upon  the  coral 
reefe  of  the  Pacific  (p.  195).  The  remarks  of  Captain  Nelson, 
of  the  Royal  Engineers,  having  chiefly  reference  to  the  geo- 
logical structure  of  these  islandd,  there  is  yet  much  to  be  ac- 
complished by  the  experienced  naturalist  respecting  the  reefe 
themselves,  which  are  especially  interesting  from  their  geo* 
graphical  position,  and  the  marine  life  connected  with  it. 

Although  deep  water  is  reported  to  surround  the  bank  upon 
which  the  reefs  and  isles  of  Bermuda  are  situated,  the  reefe 
themselves  are  immediately  bounded  outwards  by  shallow 
water,  only  6  and  7  fathoms  being  marked  on  the  charts  as  a 
somewhat  common  depth  immediately  beyond  the  reef,  deepen- 
ing somewhat  further  distant  to  12  and  15  fathoms.     Captain 

*  The  eztensiye  sabmariiie  area  of  the  Newfoandland  banks  is  also  highly 
interesting,  as  exhibiting  a  very  slight  difference  in  level.  From  250  to  300 
feet  beneath  the  snr&ce  water  seems  a  Terj  common  depth,  though  there 
appear  to  be  gradual  swelling  portions  bringing  the  bottom  more  upwards.  If 
these  banks  were  elevated  above  the  sea,  they  would  present  an  irregularly 
bounded  platform,  divided  by  one  main  channel,  many  thousand  square  miles 
in  extent^  the  chief  height  above  which  would  be  a  rocky  eminence,  about  240 
feet  above  the  general  sur&ce,  where  the  Virgin  Rocks  now  occur;  and,  if  the 
questionable  shoal  on  the  eastward  really  exists,  a  boss  of  ground  of  about 
the  same  altitude  in  that  direction  also.  If  these  banks  have  been  in  pre- 
vious geological  times  raised  into  the  atmosphere,  all  traces  of  considerable 
hills  and  valleys,  which  may  then  have  existed,  have  been  obliterated.  And 
this  may  readily  have  happened  from  the  levelling  effects  of  breaker  action, 
combined  with  the  distribution  of  the  detritus  by  tidal  streams  and  ocean  cur- 
rents, as  the  land  may  have  slowly  subsided.  Be  this  as  it  may,  detritus  would 
not  Kadily  be  now  borne  to  these  banks  from  the  adjoining  coasts  of  New- 
foandland by  any  drifting  action  along  the  bottom,  since^  as  previously  men- 
tioned, deep  water  occurs  between  the  banks  and  that  land. 


230  CORAL  KEEPS  AND  ISLANDS. 

Nelson  describes*  the  Bermudan  group  to  consist  of  about  150 
isletS)  lying  in  a  north-east  and  south-west  direction,  within  a 
space  of  15  by  5  miks,  and  containing  altogether  an  area  of 
about  21  square  miles.  This  group  is  situated  very  near,  and 
conformably  to,  the  south-east  side  of  a  belt  of  reefs,  partly 
formed  by  corals,  and  partly  by  serpulse,  of  a  rude  elliptical 
form,  25  miles  long  by  13  mUes  broad.  The  channels  amid  the 
islets  are  shallow,  and  the  depth  of  water  within  the  boundary 
reefs  rarely  exceeds  12  to  14  fathoms.  The  highest  land  rises 
to  about  260  feet  above  the  sea  at  Sears  Hill,  and  Gibbs  Hill 
has  an  elevation  of  245  feet. 

Captain  Nelson  describes  the  islands  as  altogether  calca- 
reous, the  beds  varying  from  loose  sand  to  limestone,  so  com- 
pact as  to  receive  a  good  polish,  the  whole  derived  from 
animal  secretions,  chiefly  marine,  though  the  remains  of  land 
shells  and  bird's  bones  are  also  mentioned.  From  the  mode  of 
occurrence  of  the  calcareous  beds,  and  especially  from  the 
saddle-shaped  sections  observable  throughout  the  islets,  Cap- 
tain, Nelson  infers  that  the  deposits  have  been  effected  by 
means  of  the  wind,  driving  the  calcareous  sands,  including 
fragments  of,  and  whole  shells,  in  the  usual  way  before  it,  and 
heaping  them  up  irregularly  into  sand-hills,  the  component 
parts  of  which  have  been  variously  consolidated.  A  foot  of  red 
earth,  containing  vegetable  matter,  commonly  covers  the  cal- 
careous accumulations.  Fragments  of  coral  and  shells  are 
noticed  as  common,  and  the  remains  of  Lucina  (  Veivus)  Peu" 
nylvanica  are  especially  pointed  at  as  frequent.  Turbo  pica 
is  also  common ;  and  Captain  Nelson  is  inclined  to  refer  its 
occurrence  on  the  heights  to  the  hermit  crabs,  which  he  has 
seen  running  about  with  these  shells.f  Coral  reefs  occur  in- 
side the  main,  or  outside  reefs,  and  do  not  rise  above  low 
water,  except  at  spring-tides.     Over  the  bottom  of  this  basin 


•  ''NelBoii,  Transactions  of  the  Geological  Society  of  London,"  2nd  series* 
vol.  V. 

t  Mellita  {Scutella)  quinqurfora  is  noticed  as  found,  the  pores  of  the  Croats 
llled  with  crysUlline  carbonate  of  lime,  like  the  echinites  in  the  Ean>pean 
lialk.    Turtle's  bones  have  been  discoyered  in  the  acciunalations,  as  also  the 
smains  of  Cypra»  and  Bulla. 
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calcareous  sand  and  chalky  clay  (the  best  anchoring  ground), 
are  distributed.  The  tides  average  a  rise  and  fall  of  about 
Aj^  feet,  and  at  low  water  the  main  reefs  stand  about  2  feet 
above  the  sea. 

Although  there  may  be  good  evidence  of  much  of  the  cal- 
careous accumulations  of  these  islets  having  been  effected  by 
means  of  the  wind,  piling  up  sand  and  fine  caloareous  particles 
driven,  in  the  usual  way,  by  breaker  action  at  high  tides,  and  by 
gales  of  wind,  and  as  above  noticed  (p.  69),  within  its  influence,* 
still  there  would  also  appear  evidence  in  a  bed  of  the  remains 
of  the  Lucina  Pensylvanica^  5  feet  thick,  and  now  about  6  feet 
above  water,  having  an  even  range  from  Phyllis  Island  to 
Harris  Island,  apparently  corresjionding  also  with  another,  but 
thinner,  bed  of  the  same  remains,  that  there  may  have  been 
some  elevation  of  the  general  mass.  Under  this  hypothesis  a 
mixed  accumulation,  by  means  of  both  wind  and  water,  would 
not  appear  inconsistent  with  the  sections  given  by  Captain 
Nelson.  The  following  (fig.  82)  is  one  similar  to  many  sections 
of  sandstone  deposits  formed  beneath  water. 

Fig.  82. 


a,  h,  c,  Ordinaiy  friable  calcareous  rock, 
(f,  Recent  loose  deposit  in  fh>nt  of  cliff. 

Having  so  much  evidence  of  the  elevation  of  coral  reels  in 
various  parts  of  the  world,  and  seeing  that  depressions  of 
ordinary  rock-accumulations  (to  be  hereafter  noticed)  have 
been  effected,  often  on  the  large  scale,  also  in  various  regions, 
the  observer  would  expect  that  coral  reefs,  and  even  extended 
areas  in  wliich  they  occur,  may  in  like  manner  have  been  sub- 
jected to  the  like  movements.  Mr.  Darwin  has  very  ably  sus- 
tained  this   view,  both   as  respects   single   coral   ree&,   and 


*  Sand  drifts  are  now  in  progress,  and  Captain  Nelson  espeeially  refers  to 
one  enenwching  on  the  land,  and  arising  from  works  executed  a  few  years  since, 
by  wliich  a  protecting  xegetation  was  removed,  and  the  wind  acted  on  a  sufficient 
area  of  free  sand  to  work  its  destructive  way  into  a  more  considerable  mass. 


232  CORAL  KEEPS  AND  ISLANDS. 

extended  regions  in  which  they  may  be  found.*  To  account 
for  barrier  reefa  and  atolla,  which  have  been  produced  by  the 
subsidence  of  land,  around  which  fnuging  coral  reefe  only  were 
first  attached,  he  gives  the  following  tlluBtration  : — t 

Fig.  83. 


Let  A,  A,  be  the  outer  edges  of  fringing  ree&,  on  two  op- 
podte  sides  of  an  island,  L,  at  a  sea-level,  S,  S ;  B,  B,  shores 
of  the  island  ;  A',  A',  outer  edges  of  the  iiinging  reef,  after 
its  upward  growth,  during  the  gradual  subsidence  of  the  island 
L,  by  wliich  the  relative  sea-level  becomes  transferred  to  S',  S* ; 
then  A'  B',  B'  A',  are  sections  of  the  lagoons  inside  barrier  reeft 
en  each  ride  of  the  land,  after  this  subsidence,  and  B'  B'  the  new 
shores  of  the  island.  Should  the  gradual  subsidence  continue, 
BO  that  the  relative  level  of  the  sea,  as  regards  tiie  island  L, 
be  changed  to  S"  S",  then  the  original  island  round  which  the 
corals  first  formed  a  fringing  belt,  would  be  completely  con- 
cealed, A"  A"  constituting  the  outer  reefe  of  an  atoll,  and  C  its 
contained  lagoon.  In  this  manner  the  original  mass  of  land, 
which  may  be  a  volcanic  cone,  or  some  modification  of  that 
form,  would  become  encrusted  hy  the  remains  of  marine  ani- 
mals, or  the  detrital  taid  chemical  accumulations  arising  from 
such  remains,  including  the  fcEices  of  the  various  reptiles,  fish, 
crustaceans,  molluscs,  and  other  marine  creatures  which  in- 


*  Darwin,   Strnclure  and  DutribntioD  of  Coral  Beeib,  chap.  li.    On  th« 
distribntion  of  coral  reeft  -with  reference  to  the  theory  of  tb«ir  fbrmaliQa. 

t  In  this  section  ilie  tvo  diagnnu  given  bj  Mr.  Darwin  (Strnctnre  of  Coral 
Tteefs,  pp.  98  and  100),  have,  for  coiiv«nl«Dce,  beeu  thrown  into  one,  in  other  % 
ipecta  they  are  the  aaine.    A*  Mr.  Darwin  pointi  ont,  the  leedant  of  the 
;oong  are  exaggerated. 
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babited  the  reefs  and  lagoons.  This  would  be  contained  within 
a  general  crusty  due  chiefly  to  the  work  of  the  outer  reef- 
making  polyps ;  this  crust  again  covered,  after  a  certain  depth, 
by  the  debris  of  the  reefe,  broken  away  by  breaker  action,  as 
the  subsidence  continued,  and  accumulated  over  the  first  formed 
reefs  in  the  usual  talus,  at  the  same  time  afibrding,  by  such  ac- 
cumulation, a  certain  amount  of  lateral  extension  to  the  gene- 
ral mass.  With  the  exception  of  certain  portions  of  this  outside 
distribution  of  the  debris  from  breaker  action,  there  would  be  a 
general  horizontal  arrangement  of  the  rest ;  even  the  crust  of  the 
outer  reef  exhibiting,  to  a  certain  extent,  this  mode  of  accumu- 
lation, from  the  intermingling  of  sheets  or  disconnected  patches 
of  nulliporae  with  the  corals,  with  any  patches  of  islands, 
and  with  the  remains  of  their  vegetation  and  of  amphibious  or 
terrestrial  life,  as  from  time  to  time  conditions  for  their  produc- 
tion may  have  obtained  during  the  subsidence  of  the  general 
mass.  No  doubt  a  large  volume  of  calcareous  matter,  obtained 
by  marine  animals  from  the  sea  and  their  food,  mingled  with 
some  terrestrial  vegetable  and  animal  matter,  would  be  thus 
accumulated  ; — ^and  no  small  amount  would  be  required  to  fill 
in,  as  it  were,  the  space  between  the  outer  crust  of  the  rising 
reefs  and  the  original  land ;  but  the  former,  with  their  shelter 
for  numerous  marine  animals  being  given,  the  required  volume 
of  calcareous  matter  might  follow,  supposing  a  very  gradual 
subsidence  continued  through  a  long  lapse  of  time. 

Assuming  the  hypothesis  good  for  the  single  case  adduced, 
there  would  appear  no  diflSculty  in  applying  it  to  a  variety  of 
modifications,  either  in  the  form  of  the  original  land,  which 
may  be  either  of  small  or  considerable  extent,  mountainous  or 
hilly  in  one  part,  and  more  level  at  others ;  or  with  reference  to 
the  altered  and  changing  arrangements  of  the  surface  distribu- 
tion of  land  and  water  at  difierent  times  as  the  subsidence  con- 
tinued, was  more  sudden  at  one  time  than  others,  or  was 
interrupted  by  pauses  of  greater  or  less  duration.*     The  Mal- 

*  The  Taried  effects  of  submergence  of  coral  reefs  and  islands  will  be  found 
Iwated  tt  length,  and  with  reference  to  reefs  and  islands  considered  to  bear  out 
this  view,  in  Mr.  Darwin's  Structure  of  Coral  Reefff,  chap.  ▼.,  entitled,  Theory 
of  the  formatioii'  of  the  different  classes  of  coral  reeft. 
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dives  are  considered  as  affording  a  good  example  of  the  effects 
of  the  submergence  of  the  land,  after  the  first  incrustation  of 
its  shores  by  the  reef-making  corals,  so  that  a  considerable 
iringing  reef  round  a  large  island,  like  that  of  New  Calidonia, 
became  divided  up  into  numerous  rings  of  coral  reeis,  crown- 
ing different  heights  of  the  original  land,  the  general  outline  of 
the  latter  still  preserved  from  the  upward  increase  of  the 
general  mass  of  the  corals.  The  Great  Chagos  Bank,  on  the 
south  of  the  Maldives,  presents  peculiarities  well  worthy  of 
attention ;  *  and  Mr.  Darwin  points  it  out  as  an  instance,  in 
which  the  corals  of  the  main  reef  perished  before  or  during  a 
submergence,  now  such  that  the  great  outer  reef,  instead  of 
being  within  the  break  of  the  sea,  is  sunk  from  5  to  10  fathoms 
beneath  the  surface  of  the  water,  two  or  three  spots  only  rising 
into  islets.  As  the  depth  of  the  outer  reef  does  not  appear 
such  as  to  prevent  reef-making  corals  irom  developing  them- 
selves, and  as  interior  knolls  present  themBelves  at  the  same 
depth  with  luxuriantly-growing  corals,  there  would  appear 
some  other  reason  than  mere  depth  of  water,  with  its  conse- 
quences, preventing  the  establishment  of  more  than  a  slight 
amount  of  living  coral  polyps  on  these  reefs.  Supposing  the 
outer  reef  to  have  once  flourished  in  the  common  manner,  at  and 
near  the  surface,  (and  there  are  still  two  or  three  islets  above 

*  **  The  longest  axis  is  ninety  nautical  miles,  and  another  line  drawn  at  right 
angles  to  the  first,  across  the  broadest  paft,  is  seventy.  The  central  part  con- 
sists of  a  lerel,  muddy  flat,  between  forty  and  fifty  fathoms  deep,  which  is  sur- 
rounded on  all  sides,  with  the  exception  of  some  breaches,  by  the  steep  edges 
of  a  set  of  banks,  rudely  arranged  in  a  circle.  These  banks  consist  of  sand, 
with  a  very  little  live  coral ;  they  vary  in  breadth  f^om  five  to  twelve  miles, 
and  on  an  average  lie  about  sixteen  fitthoms4)eneath  the  surikoe;  they  are 
bordered  by  the  steep  edges  of  a  third  narrow  and  upper  bank,  which  forms  the 
rim  of  the  whole.  The  rim  is  about  a  mile  in  width,  and  with  the  exception  of 
two  or  three  spots  where  islets  have  been  formed,  is  submerged  between  five  and 
ten  fathoms.  It  consists  of  smooth,  hard  rock,  covered  with  a  thin  layer  of 
sand,  but  with  scarcely  any  live  coral ;  it  is  steep  on  both  sides,  and  outwards 
slopes  abruptly  into  unfathomable  depths.  At  a  distance  of  less  than  half-a- 
mile  from  one  part  no  bottom  was  found  with  190  fathoms;  and  off  another 
point,  at  a  somewhat  greater  distance,  there  was  none  with  ,210  fathoms.  Small 
steep-sided  banks  or  knolls,  covered  with  luxuriantly-growing  coral,  rise  from 
the  interior  expanse  to  the  same  level  with  the  external  rim,  which,  as  we  have 
seen,  is  formed  only  of  dead  rock." — Darwin,  Structure  and  Distribution  of 
Coral  Reefs,  p.  39. 
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water,)  perhaps  the  somewhat  sudden  submergence  of  an  ex- 
tended  range  of  islets,  thickly  studded^  over  the  outer  reef, 
with  their  vegetation  and  sands,  would,  for  a  long  time  at  least, 
be  very  unfavourable  to  conditions  well  suited  for  the  re-esta- 
blishment of  the  upper  reef-making  corals.  Wave  and  tidal 
action  would  tend  to  distribute  and  move  about  the  sands  over 
the  sunk  reef  in  a  manner  scarcely  fitted  to  the  habits  of  the 
upper  reef-making  coral  polyps,  or  the  fimr  establishment  of 
then-  germs. 

With  regard  to  the  incrusting  of  islands  by  coral  masses, 
including  the  accumulations  mechanically  and  chemically  ob- 
tained from  the  stony  matter,  chiefly  calcareous,  secreted  by 
the  polyps  and  other  marine  creatures  forming  or  inhabiting 
coral  ree&,  if  we  can  have  a  growth  and  accumulation  adjusted 
to  the  submergence,  *  the  geological  results  would  be  such  that 
upon  again  being  elevated  above  the  sea-level,  (as  has  hap- 
pened so  often  with  li^any  regions  during  the  lapse  of  geological 
time  after  submergence,)  in  areas  such  as  that  of  the  corallian 
portions  of  the  Pacific,  numerous  masses  of  calcareous  accumu- 
lations would  present  themselves,  often,  perhaps,  correspond- 
ing in  general  character  at  equal,  or  nearly  equal  levels,  and 
having  the  appearance  of  being  the  remains  of  limestone  de- 
posits, once  continuous,  though  in  reality  they  had  never  been 
united.  If  the  Cape  de  Verde  Islands,  the  Canaries,  and  the 
Azores,  were  to  be  incrusted  with  coral  reefs,  and  be  gradually 
depressed  beneath  the  level  of  the  sea,  so  that  the  reefs  and 
the  consequent  accumulations  inwards  could  be  adjusted  to  the 
rate  of  submergence,  and  were  again  raised  above  the  sea,  (as 
at  least  some  of  them  would  appear  to  have  been,  since  not- 

*  If  tiie  submergence  were  so  rapid  that  the  growth,  and  consequent  aeca- 
nmlatioDS  inside  the  reefii  did  not  become  adjusted  to  it,  and  supposing  the 
reef-making  corals  only  able  to  flourish  in  certain  minor  depths,  it  is  obvioas 
that  Hie  reefs  could  not  increase  upwards,  but  remain  beneath  like  any  mass  of 
inorganic  matter,  the  reef-making  polyps  perishing. 

With  respect  to  the  rate  of  growth  of  reef-making  corals,  the  evidence  is  at 
present  somewhat  uncertain  and  contradictory.  Some  contend  that  the  growth 
is  Tcry  slight,  reefs  having  been  known  in  their  present  state  for  a  long  time  ; 
while  odiers  consider  their  increase  as  more  rapid.  There  is  evidently  a  want 
of  more  information  on  this  subject,  especially  as  respects  the  conditions  nader 
whidi  tlie  appearances  supporting  these  different  views  may  have  been  caused. 
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withstanding  their  general  igneous  character,  sea  bottoms  and 
shores  around  them,  of  the  more  recent  geological  times,  termed 
the  tertiary,  are  uplifted,)  these  fallacious  appearances  would 
be  very  marked.* 

The  observer  would  readily  expect  to  find,  in  regions  where 
coral  reefs  abound,  and  volcanos  are  now,  or  have  been  active 
during  their  formation,  that  there  are  occasional  mixtures  of 
igneous  products  with  the  coral  accumulations.  In  Mr.  Beete 
Jukes'  account  of  the  Great  Barrier  Reefs  of  Australia,  he 
mentions  mingled  substances  of  this  kind  at  Murray  and 
Erroob  Islands,  where  beds  are  found  containing  variable  por- 
tions of  trachytic  lava  and  calcareous  rocks,  some  of  the  lumps 
of  lava  and  limestone  being  apparently  rounded  by  attrition. 
There  are  also  beds  of  volcanic  ash,  or  sand,  in  which  calca- 
reous grains  are  dispersed.  In  Erroob,  igneous  rocks  cover 
the  sandstones  and  conglomerates.  In  this  region,  also,  pumice 
would  appear  to  have  been  at  one  time  much  drifled  about, 
arising  probably  from  volcanic  eruptions  in  directions  whence  a 
portion  of  this  light  substance  could  be  driven  by  prevalent 
winds  and  currents.  It  seems  to  have  become  mingled  with 
the  coral  deposits.  Portions  of  it  are  embedded  in  the  coral 
rock  of  Baine's  Islet,  and  frequent  in  the  coral  conglome- 
rate on  the  north-east  coast  of  Australia.!     Captain  Wilkes 


*  There  are  suddenly  very  coDsiderable  depths  around  the  Cape  de  Verde 
Islands.  Even  in  the  channel  between  Sal  and  Bonavista,  a  line  of  232  fathoms 
found  no  bottom.  The  same  with  the  Canaries.  There  is  no  bottom  at  309 
fathoms  close  on  the  north  of  Palma.  The  like  with  Madeira,  off  the  west  end 
of  which  a  line  of  280  fathoms  does  not  reach  the  bottom.  Very  deep  water 
surrounds  the  various  islands  of  the  Azores.  There  is  a  depth  of  300  fiithoms 
close  on  the  south  of  Santa  Maria,  and  no  bottom  with  320  fiithoms  of  line 
between  that  island  and  the  Formigas,  on  the  north-east  Around  Pico,  Fayal, 
San  Jorgo,  and  Terceira,  there  are  depths  of  200  and  300  ikthoms  near  the 
land ;  and  there  is  very  deep  water  around  Flores,  the  most  western  isle. 

t  Beete  Jukes,  Narrative  of  the  Voyage  of  the  Fly.  He  describes  flats  of 
coral  conglomerate,  half  a  mile  wide,  as  frequent  along  shore  on  the  N.E.  coast 
of  Australia.  Upon  all  these  flats,  and  about  10  feet  above  high-water,  there  is 
an  abundance  of  pumice  pebbles.  They  occur  on  the  east  coast  of  Australia, 
under  similar  conditions,  for  2000  miles ;  are  rarely  seen  on  the  present  beach, 
or  found  floating  at  sea ;  and  Mr.  Beete  Jukes  infers,  that  this  proves  either  the 
stationary  character  of  the  coast,  or  that  it  has  been  equally  affected,  for  this 
distance,  by  elevation  or  depression.    He  allows  for  the  piling  action  of  the 
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describes  *  portions  of  vesicular  lava  as  found  among  blocks  of 
coral  conglomerate  at  Rose  Island,  a  small  and  low  coral 
island,  forming  the  most  eastern  of  the  Samoan  group.  We 
should  expect  many  mixtures  of  volcanic  rocks  with  coral  sands 
and  pebbles  on  the  beaches  of  volcanic  islands,  fringed  by  coral 
reefs^  as  appears  often  to  be  the  case,  and  also  an  occasional 
overflow  of  lava  on  reefs  adjoining  land  liable  to  volcanic  erup- 
tions, f 

TVansportal  of  mineral  matter  by  means  of  ice. — Very  con- 
siderable attention  has,  of  late  years,  been  directed  to  the 
influence  of  ice  in  the  distribution  of  detritus,  both  upon  dry 
land  and  over  the  bottom  of  the  sea,  and  to  the  mechanical 
effects  ice  may  produce  on  hard  rocks,  or  loose  accumulations, 
on  or  against  which  it  may  move  or  be  thrown,  upon  the  land  or 
beneath  the  sea. 

We  observe  the  influence  of  the  sun's  heat  to  be  now  such, 
(whatever  view  may  be  taken  of  any  supposed  heat  in  the  body 
of  the  earth  itself,  sufficient,  in  previous  times,  to  prevent  the 
formation  of  ice  on  its  surface,)  that  the  cold  of  the  planetary 
space,  as  it  has  been  termed,  so  acts  upon  the  earth,  that  it  is, 
as  it  were,  encased  in  a  spheroidal  space,  outside  which,  water 
remains  permanently  solid ;  this  space  having  a  spheroidal  form 
more  oblate  than  the  earth,  so  that,  at  the  equator,  there  is  a 
difference  of  from  16,000  to  17,000  feet  between  the  two,  and 
that  it  cuts  beneath  the  poles  of  the  earth  in  the  arctic  and 
antarctic  regions.  Above  this  space,  it  is  inferred  that  the  tem- 
perature continues  to  decrease  in  the  atmosphere  until,  finally, 
that  of  the  planetary  space  alone  prevails.^ 


breakers*  and  considers  it  as  not  improbable  that  the  coast  has  been  slightly 
elevated,  or,  at  least,  has  not  suffered  any  depression  through  a  long  lapse  of 
time. 

*  United  States  Exploring  Expedition,  yol.  ii.,  p.  64. 

t  A  coral  bed,  10  feet  thick,  is  stated  to  occnr  between  two  laya  streams  at 
the  Isle  of  France ;  the  coral  bed  elevated,  since  its  formation,  above  the  level 

of  the  sea. 

J  Fonrier  inferred  that  the  temperature  of  the  planetary  space  was-r-SO^  centi- 
grade ( — 58^  Fahr.)>  and  Svanberg  held  it  was  — 49^*85  centigrade,  employing 
another  method.  Observing  this  near  approach  to  the  result  given  by  Fourier, 
the  latter  calculated  the  temperature  according  to  Lambert's  statements,  and 
obtained— 50° '35. 
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Taking  thus  the  heat  derived  from  the  sua  as  so  influencing 
the  present  surface  temperature  of  the  earth,  that  the  cold  of 
the  planetary  space  does  not  render  the  waters  solid  over  the 
whole  face  of  the  world,  we  should,  from  the  conditions  under 
which  it  could  prevail,  anticipate  many  minor  modifications  in 
its  action.'^  These  would  arise  from  its  different  aheorption 
and  radiation  according  as  the  heat  fell  upon  land  or  water, 
and  in  different  latitudes ;  from  the  varied  relief  and  character 
of  the  land,  and  its  intermixture  with  surface  waters;  from 
the  variation  in  the  waters  as  to  depths,  and  the  motion  of 
some  portions  of  them  from  colder  to  hotter  regions,  or  the 
reverse,  from  the  movement  of  the  atmosphere  and  its  varied 
conditicms ;  and  from  the  periodical  change  in  the  position  of 
portions  of  the  earth's  surface,  according  as  one  hemisphere  or 
the  other  becomes  most  exposed  to  the  influence  of  the  8un» 

Numerous  observations  have  shown  the  exact  regularity 
of  the  spheroidal  space,  in  which  water  commonly  remuns 
liquid,  to  be  much  disturbed  by  the  modifications  noticed ;  so 
that,  for  all  the  purposes  required  by  the  animals  and  vege- 
tables of  our  planet,  certain  regions  are  rendered  habitable 
which  would  otherwise  scarcely  support  life.  A  very  marked 
instance  of  this  kind  is  found  on  the  north  flank  of  the  ELima- 
laya,  where  the  perpetual  snow-line,  as  it  is  termed,  is,  fit>m  a 
combination  of  physical  conditions,  more  elevated  by  4,000  feet 
than  on  the  southern  side  of  the  same  great  range  of  moun- 
tains.t  Minor  modifications  of  the  same  kind  arc  abundant, 
as  also  from  the  influence  of  great  surfaces  occupied  by  the  sea, 
and  from  prevalent  winds  sweeping  over  it  and  reaching  land ; 

*  Respectmg  the  temperature  of  our  atmosphere,  M.  Arago  has  remarked, 
(Ami.  de  Phja.  et  de  Chim.,  torn,  27,)  that,  '*  Ut,  in  no  part  of  earth  on  land 
-wiU  a  thermometer,  raised  from  two  to  three  metres  (6*5  to  10  English  feet) 
above  the  ground,  and  protected  from  all  reverberation,  attun  46°  centigrade 
(114°*S  Fahr.) ;  2ndly,  in  the  open  sea,  the  temperature  of  the  air,  whatever  be 
the  place  and  season,  never  attains  31°  centigrade  (87° '8  Fahr.)  ;  Srdljr,  the 
greatest  degree  of  cold  -which  has  ever  been  observed  upon  our  globe,  vrith 
the  thermonieter  suspended  in  the  air,  does  not  descend  50  centigrade  degrees 
below  zero  (58°  Fahr.)."  To  this  he  adds,  "  4th\j,  the  temperature  of  the  water 
of  the  sea,  in  no  latitude,  and  in  no  season,  rises  above  30°  centigrade 
(86°  Fahr.V' 

t  See  Note,  p.  239. 
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thus  producing  marked  elevations  of  the  general  temperature 
above  that  at  which  ice  would  be  common. 

To  obtain  the  snow  reposing  on  the  regions  or  elevated 
mountains,  piercing  through  the  space  above  noticed  into  tliose 
portions  of  our  atmosphere  where  the  temperature  is  such  that 
snow  more  or  less  encrusts  them  during  the  whole  of  the 
various  cUmatal  changes  of  the  year,  we  have  to  infer  evapora- 
tion from  the  land  and  water,  modified  according  to  their 
various  states,  surfaces,  and  localities,  sufficient  to  afford  the 
needful  falls  of  water  in  this  form.  And  this  would  be 
required  up  to  any  altitude  on  which  we  find  the  snow,  unless 


Note. — Hnmboldt  (Fragmens  Asiatiques,  p.  549)  has  given  the  following 
table  of  the  snow-line  on  certain  moantain  ranges : — 


Moontainf. 


Cordillera  of  Quito 

.^— Bolivia 

Mexico 

Himalaya : — 
Northern  Ftank 
Southern  Flank 

Pyrenees 

Caucasns 

Alps.     . 

Carpathians 

Altai      • 

Norway. 
Interior 

t  y 
Coast 


Latitttde. 


0° 
16° 
19° 

to  It  °  a 

,,  17  °  a 

30}° 

,,  31°  N. 

42i° 

42i° 

45}° 

49^ 

49° 

,,  43°  N. 
, ,  43°  N. 
, ,  46°  N. 
,,  49t°  N. 
, ,   51°  N. 

61° 
67° 
70° 

71° 

,,  62°  N. 
,,  67}°  N. 
,,  70}  N. 
,.  714°  N. 

Height  above 
the  Sea. 


English  Feet. 
15,730 
17,070 
16,020 

16,620 
12,470 
8,950 
10,870 
8,760 
8,500 
6,400 

5,400 
3,800 
3,500 
2,340 


To  these  may  be  added  the  foUowing  observations : — 

Locality. 

Latitude, 

Height  above 
the  Sea. 

Authority. 

Bolivia 

Cordillera  of  Chili.     . 

Chiloe 

Terra  del  Fuego     .     . 
Kamtschatka     .     .     . 
Baren  Island    •     .     . 

16°  to  18°  a 
33°  a 

40°  to  43°  S. 

54°  a 

57°  N. 
74°  SO'  N. 

Bngliih  Feet. 

16,263 

14,500 

6,000 

3,750 

5,308 

590 

Pentland. 

Gillies. 

Fitzroy. 

King. 

Erman. 

Durocher. 

M.  Durocher  (M^moire  sur  la  linute  des  neiges  perp^taelles.  Voyage  de 
la  Recherche,  1845)  places  the  line  of  perpetual  snow  in  the  Arctic  Ocean  in 
78°  N. ;  so  that,  at  Spitzbergen  (N.  W.  coast),  it  descends  to  the  level  of  the  sea. 
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we  suppose  any  change  of  relatiye  level  of  the  regions  or  of 
mountains,  so  that  they  were  elevated,  after  the  production  and 
deposit  of  the  snow  at  minor  altitudes,  into  atmospheric  heights 
where  evaporation  did  not  carry  the  watery  vapour  for  the  pro-^ 
duction  of  snow. 

From  the  polar  regions,  where  we  find  such  a  great  amount 
of  climatal  change,  that  the  influence  of  the  sun,  as  far  as  it  can 
be  there  experienced,  is  uninterrupted,  or  nearly  so,  during  one 
half  of  the  year,  and  unfelt  during  the  remainder,  to  the  tro- 
pical regions,  where  portions  of  mountain  masses  may  rise  so 
high  into  the  atmosphere  as  to  support  a  covering  of  gedow, 
there  are  necessarily  great  variations  of  temperature,  the  latter 
becoming  less  changeable,  as  a  whole,  in  the  equatorial  portions 
of  the  earth. 

When  attention  is  directed  to  the  efiects  arising  from  these 
variations  of  temperature,  it  is  found  that  the  production  of 
glaciers  stands  somewhat  prominently  forward  among  those 
which  have  a  geological  bearing.  In  the  Alps,  Europeans  have 
been  long  familiar  with  the  elongated  masses  of  ice,  so  called, 
descending  from  the  regions  of  snows,  through  ravines  and 
rocky  depressions  of  various  forms,  even  into  fertile  valleys, 
where  ripening  crops  and  ice  may  be  almost  in  contact  under 
the  heats  of  summer  and  autumn,  in  latitudes  ranging  from 
44°  to  47°.  De  Saussure,  though  not  the  first  to  examine 
them,  by  the  charm  of  his  writings,  directed  no  little  attention 
to  glaciers,  and  to  the  efiects  produced  by  them.  Other 
authors  have,  at  various  times,  since  described  them;  and, 
among  those  of  late  years,  M.  Charpentier*  and  M.  Agassizf 
have  written  much  in  support  of  a  particular  hypothesis  as  to 
the  mode  in  which  these  ma^es  of  ice  moved  outwards  from  the 
mountain  heights  whence  they  originated,  and  as  to  their 
former  more  considerable  range  and  extension  than  at  present, 
pointing  to  many  circumstances  connected  with  this  subject, 
and  of  geological  value,  though  the  hypothesis  itself  may  not 
be  adopted. 

*  **  Essai  8ar  les  Glaciers  et  sur  le  Terrain  Erratique  da  Bassin  da  Rhone," 
841.    Lausanne, 
t  "Etudes  sur  les  Glaciers,"  1840.    Neachatel. 
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The  progress  of  researches  respecting  glaciers  and  their 
geological  effects,  affords  a  fair  example  of  the  necessity  of 
careful  observation  in  a  right  direction ;  so  many  assertions 
connected  with  the  mode  of  occurrence  and  advance  of  these 
masses  of  ice,  upon  wliich  hypotheses  were  based,  having  been 
found,  upon  actual  investigation,  unsupported  by  facts. 
Though  this  has  been  the  case,  many  observations  have,  from 
time  to  time,  been  recorded,  which  have  borne  the  test  of 
careful  investigation ;  and  no  one  would  appear  more  desirous 
of  admitting  the  value  and  importance  of  real  additions  to 
our  information  on  this  subject,  than  Professor  James  Forbes, 
to  whom  so  much  of  our  present  knowledge  of  the  Alpine  gla- 
ciers is  due.* 

A  glacier  commences  near  the  line  of  perpetual  snow,  but 
lower  somewhat  than  that  on  the  adjacent  ground.  ''  There  is 
often  a  passage,  nearly  insensible,  from  perfect  snow  to  perfect 
ice ;  at  other  times,  the  level  of  the  superficial  snow  is  well 
marked,  and  the  ice  occurs  beneath  it.  No  doubt  the  transi- 
tion is  effected  in  this  way  :  — the  summer's  thaw  percolates  the 
snow  to  a  great  depth  with  water  ;  the  frost  of  the  succeeding 
winter  penetrates  far  enough  to  freeze  it  at  least  to  the  thick- 
ness of  one  year's  fall,  or,  by  being  repeated  in  two  or  more 
years,  consolidates  it  more  effectually."t  The  part  of  a  glacier, 
where  the  surface  begins  to  be  annually  renewed  by  the 
unmelted  accumulation  of  each  winter,  is  commonly  known  as 
nSvSy  and  true  stratification  has  been  here  rex^ognized  by  De 
Saussnre  and  other  writers.  Professor  Forbes  agrees  with  M. 
de  Charpentier;];  in  thinking  that  this  stratification  becomes 
entirely  obliterated  as  the  neui^  passes  into  complete  ice.§    The 


*  See  his  Travels  through  the  Alps  of  Savoy  and  parts  of  the  PenniBe  Chain, 
with  obsenratioos  ou  the  Phenomena  of  Glaciers,  2nd  edit.,  Edinburgh,  1845 ;  and 
his  papers  printed  in  the  Philosophical  Transactions,  for  1846. 

\  Forbes'  Travels  through  the  Alps  of  Savoy,  2nd  edit.,  p.  31. 

X  For  lus  views  respecting  glaciers,  consult  M.  de  Charpentier's  Essai  sur  les 
Glaciers  et  sur  le  Terrain  Erratique  du  Bassin  du  Rhone.    Lausanne,  1841. 

{  *'  The  granulated  structure  of  the  n^v^  is  accompanied  with  the  dull  white 
of  snow  passing  into  a  greenish  tinge,  but  rarely,  if  ever,  does  it  exhibit  the 
transparency  and  hue  of  the  proper  glacier.  The  deeper  parts  are  more  per- 
fectly congealed,  aad  the  bands  of  ice,  which  often  alternate  with  the  hardened 
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crevassesy  or  great  fissures,  in  the  nA)S  are  considered  to  difier 
from  those  lower  down  the  glacier  in  their  greater  width  and 
irregularity,  and  the  caverns  in  it  to  be  more  extensive  and 
singular  in  their  forms,  from  the  greater  facility  with  which 
the  Tiev^  is  thawed  and  water-worn. 

Further  down  the  valley,  or  ravine,  in  which  the  glacier  finds 
its  way,  much  will  necessarily  depend,  as  to  its  form  and 
appearance,  upon  the  general  character  of  the  ground  tra- 
versed. The  ice  changes  its  character:  it  is  not  like  that 
produced  by  the  freezing  of  still  water  in  a  lake,  but  ^*  laminae, 
or  thin  plates  of  compact  transparent  blue  ice,  alternate,  in 
most  parts  of  every  glacier,  with  laminae  of  ice  not  less  hard 
and  perfect,  but  filled  with  countless  air-bubbles,  which  give 
it  a  frothy  semi-opaque  look."  *  '^  The  alternation  of  bajids, 
then,  is  marked  by  blue  and  greenish-blue  or  white  curves, 
which  are  seen  to  traverse  the  ice  throughout  its  thickness 
whenever  a  section  is  made.  It  is,  therefore,  no  external 
accident,  it  is  the  internal  structure  of  a  glacier,  and  the 
only  one  which  it  possesses,  and  may  be  expected  to 
throw  light  upon  the  circumstances  and  formation  of  these 
masses."  f 


snow,  are  probably  dae  to  tbe  effect  of  thaw  succeeding  the  winter  coating,  or 
any  extraordinary  fall.  On  exposed  summits,  where  the  action  of  the  sun  and 
the  elements  is  greater,  the  snow  does  not  lie  so  long  in  a  powdery  state,  and 
the  exposed  surface  becomes  completely  frozen/'  Forbes*  Travels  through  the 
Alps,  &c.,  2nd  edit.,  p.  32. 

*  ''This  peculiar  structure,"  continues  Professor  Forbes,  "which  gives  to 
glacier-ice  its  extreme  brittleness,  (which  makes  the  formation  of  steps  with  a 
hatchet  a  very  easy  task  compared  to  what  it  would  be  in  common  ice,)  may 
be  compared  to  what  the  geologists  call  the  slaty  deavage  of  many  rocks,  rather 
than  to  stratification,  properly  so  called.  The  distinction  is  important,  and 
amounts  to  this :  that  strata  are  deposited  in  succession,  and  owe  their  form 
and  separation  to  that  circumstance  only  ;  whereas,  slaty  cleavage,  or  structural 
planes,  occur  in  rocks,  and,  in  many  bodies,  wholly  irrespective  of  stratification 
or  deposition,  and  may  be  communicated  to  a  mass  after  complete  or  partial 
consolidation."    Forbes'  Travels  tlirough  the  Alps,  &c,  2nd  edit,  p.  27. 

t  Forbes'  Travels  through  the  Alps,  &c.,  2nd  edit,  p.  28.  It  is  remarked, 
respecting  this  structure,  that  it  is  the  consequence  of  the  viscous  condition  of 
the  mass  and  its  movement  It  is  observed  that  it  "  has  all  the  appearance 
of  being  due  to  the  formation  of  fissures  in  the  aerated  ice  or  consolidated 
n^v^,  which  fissures  having  been  filled  with  water  drained  from  the  glacier, 
and  firosen  during  winter,  have  produced  the  compact  blue  bands ; "  (p.  372). 
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Below  the  «A?^,  the  glacier  commonly  finds  its  way,  amid 
various  depressions  of  different  forms,  to  the  lower  groimd,  far 
beneath  the  line  which  marks  the  usually  constant  presence  of 
snow  throughout  the  year.  The  accompanying  view  (fig.  84) 
of  Mont  Blanc,  taken  from  the  Breven,  a  mountain  rising  high 
above  the  valley  of  Chamonix,  which  separates  the  Breven  from 
the  Mont  Blanc,  will  give  a  better  idea  of  the  passage  of  the 
glacier  downwards  into  the  lower  valley,  than  a  verbal  descrip- 
tion, and  more  especially  as  the  altitude  and  position  of  the 
Breven  itself  prevents  that  foreshortening  and  less  instructive 
view  obtwied  from  beneath. 

As  the  great  icy  mass  descends  from  the  region  of  the  nevd 
to  the  lower  ground,  the  crevasses  yarj  much  in  length  and 
breadth,  sometimes  extending  across  the  whole  glacier,*  and 
this,  as  might  be  expected,  according  to  the  character  of  the 
surface  on  which  it  may  repose.  As  it  descends  into  warmer 
regions,  the  glacier  is  necessarily  exposed  to  the  influence  of 
higher  temperature,  and  if  it  did  not  obtain  the  needful 
supply  from  above,  it  would  there  diminish  in  bulk  and  disap- 
pear. As  this  supply  varies,  the  extension  of  a  glacier  will  cor- 
respond with  the  kind  of  seasons  experienced,  so  that  it  may 


Professor  Forbes  considers,  that,  as  the  yiscoos  mass  moTes  onward,  the  central 
parts  ikster  than  the  sides,  these  fissures,  filled  with  ice,  take  a  more  horizontal 
position  in  the  general  mass,  with  such  modifications  as  may  be  expected 
on  the  sides  and  bottom  where  the  friction  is  greatest,  accompanying  his 
remarks  by  ideal  sections  of  glaciers  and  real  sections  of  viscous  bodies  expe- 
rimented upon  for  illustration.  He  observes,  '*  that  this  ribboned  structure  fol- 
lows a  very  peculiar  course  in  the  interior  of  the  ice,  of  which  the  general  type 
is  the  appearance  of  a  succession  of  oval  waves  on  the  surface,  passing  into 
hyperbolas,  with  the  greater  axis  directed  along  the  glacier.  That  this  struc- 
ture is  also  developed  throughout  the  thickness  of  a  glacier,  as  well  as  from  the 
centre  to  the  side,  and  that  the  structural  snrfiioes  are  twisted  round  in  such  a 
manner,  that  ihe  frontal  dip,  as  we  have  called  it,  of  the  veins,  as  exhibited  on 
a  vertical  plane  catting  the  axis  of  a  glacier,  occurs  at  a  small  angle  at  its 
lower  extremity,  and  increases  rapidly  as  we  advance  towards  the  origin  of  the 
glacier"  (p.  372). 

*  In  the  accoout  of  his  passage  over  the  Col  de  Gdant,  Professor  Forbes 
mentions  an  immense  chasm  or  crevasse,  extending  wholly  across  a  glacier  in  the 
descent  on  the  Chamonix  side,  and  at  least  500  feet  in  width.  **  It  terminnted 
opposite  to  the  precipices  of  the  Aiguille  Noire  in  one  vast  enfonceme^'t  of  ice, 
bounded  on  the  hither  side  by  precipices  not  less  terrible."  Travels  through  the 
Alps,  &c.,  p.  238. 
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descend  further  into  the  lower  valleys  at  one  time  than  another  ;* 
and  thus  its  actual  amount  of  protrusion  into  a  valley  may  de- 
pend, for  the  time,  upon  effects  produced  through  many  seasons, 
and  be  liable  to  frequent  change. 

The  turbid  waters,  rushing  out  from  beneath  the  glaciers  of 
the  Alps  will  be  familiar  to  all  who  have  visited  those  moun- 
tains, as  also  the  caverns  of  ice  through  which  these  waters 
commonly  find  their  way  when  they  are  most  abundant.  With 
respect  to  such  waters,  Professor  Forbes  has  pointed  out  that 
they  may  not  only  be  due  to  the  ice  melted  by  contact  with 
the  rocks  on  which  it  moves,  to  the  fall  of  rain  upon  the  ice 
drained  by  the  glacier  valley,  in  the  season  when  rain  falls, 
and  to  the  waste  of  the  glacier  itself  by  the  sun  and  rain,  but 
also  to  the  natural  springs  rising  from  beneath  the  ice,  as  in 
any  other  locality  t- 

With  respect  to  the  cause  producing  the  motion  of  gla- 
ciers, different  views   h^e  been  taken :  |   Professor  James 

*  Among  the  Qumerons  examples  of  the  Yaried  extension  and  Tolame  of  gla- 
ciers known  in  modem  times,  there  woald  appear  none  more  illnstratiYe  than 
that  of  the  Brenva,  on  the  Italian  side  of  Mont  Blanc.  In  1818  it  attained  a 
height  different  from  that  found  hy  Professor  Forhes,  in  1842,  of  at  least  300 
feet,  as  proved  by  that  of  a  rock,  upon  which  a  well-known  chapel  ('Chapelle  de 
Berri^)  was  placed,  which,  with  the  rock  on  which  at  stood,  was  heaved  and 
flsibred  by  the  rise  of  the  ice.  This  great  increase  of  volume,  and  its  decrease 
in  the  24  years,  is  well  attested.  The  Professor  remarks,  that  the  mean  tempe- 
rature for  the  five  years  preceding  1818,  when  the  glacier  was  thus  of  such 
increased  volume,  presented  no  marked  change,  the  mean  temperature  at  Ge- 
neva being  for  that  time  7^*61,  Reaumur  (49°*  12  Fahr.) ;  the  mean  for  the  last 
40  years,  in  the  same  town,  being  7°  "76  (49° '44  Fahr.). — Travels,  &c.,  p.  205. 
t  With  respect  to  the  waste  of  the  glacier  by  the  sun  and  rain.  Professor 
Forbes  remarks,  that  it  is  "  a  most  important  item,  and  which  constitutes  the 
main  volume  of  most  glacier  streams,  except  in  the  depth  of  winter.  It  is  on 
this  account  that  the  Rhine  and  other  great  rivers,  derived  from  Alpine  sources, 
have  their  greatest  fioods  in  July,  and  not  in  spring  or  autumn,  as  would  be 
the  case  if  they  were  alimented  by  rain-water  only.  On  the  same  account,  the 
mountain  torrents  may  be  seen  to  swell  visibly,  and  roar  more  loudly ,  as  the 
hotter  part  of  the  day  advances,  to  diminish  towards  evening,  and  in  the  morn- 
ing t»  be  smallest"  <*  Winter  is  a  long  night  amongst  the  glaciers.  The  sun's 
rays  have  scarcely  power  to  melt  a  little  of  the  snowy  coating  which  defends 
the  proper  surface  of  the  ice ;  the  superficial  waste  is  next  to  nothing,  and  the 
%  glacier  torrent  is  reduced  to  its  narrowest  dimensions.'* — Travels  thiough  the 

Alps  of  Savo^,  8tei\  2nd  edit.,  pp.  20,  21. 
I  X  The  chief  of  these  views  will  be  found  in  the  works  of  MM.  de  Saassnre, 

I  ,  De  Qutrjpentier,  .Agassiz,  ]^lie  de  Beaumont,  Mr.  William  Hopkins,  and  of 
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Forbes  considers  it  as  "  convincingly  proved,*  that  the  motion 
of  a  glacier  varies  not  only  from  one  season  to  another^  but  that 
it  has  definite  (though  continuous)  changes  of  motion,  simulta- 
neous throughout  the  whole,  or  a  great  part  of  its  extent,  and 
therefore  due  to  some  general  external  change,"  and  that 
"  this  change  has  been  shown  to  be  principally  or  solely  the 
efiect  of  the  temperature  of  the  air,  and  the  conditions  of 
wetness  or  dryness  of  the  ice."  t  With  regard  to  the  move- 
ment itself,  tlie  Professor  has  pointed  out  '^  that  the  ice  does 
not  move  as  a  solid  body, — tliat  it  does  not  slide  down  with  uni- 
formity in  diflerent  parts  of  its  section, — that  the  sides,  which 
might  be  imagined  to  be  most  completely  detached  from  their 
rocky  walls  during  summer,  move  slowest,  and  are,  as  it  were, 
dragged  down  by  the  central  parts."  J  His  theory  is,  that  "  a 
glacier  is  an  imperfect  fluid,  or  a  viscous  body,  which  is  urged 
down  slopes  of  a  certain  inclination  by  the  mutual  pressure  of 
its  parts."  §     He  does  not,  however,  "  doubt  that  glaciers  slide 

Professor  James  Forbes.  Id  the  latter  tfaey  wiU  be  seen  discussed  in  much  de- 
tail, and  the  Professor^s  own  views  advocated,  especially  in  his  Travels  through 
the  Alps  of  Savoy,  &c.,  and  in  chap.  xxi.  (entitled  *'  An  attempt  to  explain  the 
leading  Phenomena  of  Glaciers,")  and  in  his  papers  entitled  **  IllustratioDs  of 
the  Viscous  Theory,"  published  in  the  Philosophical  Transactions  for  1846.  A 
very  detailed  account  of  the  works  and  views  respectinj;  glaciers  will  also  be 
found  in  the  Histoire  des  Progr^  de  la  G^ologie,  de  1834-1845,  by  the  Vicomte 
d'Archiac,  Paris,  1847. 

♦  Travels  through  the  Alps  of  Savoy,  Ac,  and  aUnding  to  chap.  vii. 

t  lb.,  chap,  xxi.,  p.  363. 

I  lb.,  p.  363.  As  to  the  different  rates  of  motion  of  a  glacier,  it  is  observed 
that  a  glacier,  **  like  a  stream,  has  its  still  pools  and  its  rapids.  Where  it  is 
embayed  by  rocks  it  accumulates— t7s  declivity  diminishes,  and  its  velocity,  at 
the  same  time.  When  it  passes  down  a  steep,  or  issues  by  a  narrow  outlet,  its 
velocity  increases.  The  central  velocities  of  lower,  middle,  and  higher  regions 
of  the  Mer  de  Glace  are— 1  '398,  •674,  and  '925  j  and  if  we  divide  the  length 
of  the  glacier  into  three  parts,  we  shall  find  these  numbers  for  its  declivity  15^, 
4j®,  and  8°.— Forbes,  Travels,  &c.,  p.  371. 

§  lb.,  p.  365.  It  would  be  somewhat  out  of  place  in  this  work  to  enter  more 
fully  into  the  theory  of  glacier  movements.  Bespecting  the  theory  of  the 
viscous  condition  of  a  glacier,  Professor  Forbes  alludes  to  its  spreading  as  a 
viscous  body  would  do,  when  a  glacier  passes  out  of  a  narrow  gorge  into  a  wide 
valley,  stating  that  this  fact  had  been  first  brought  prominently  forwaid  by 
M.  Rendu,  now  Bishop  of  Annecy  (Travels,  p.  367.)  M.  Rendu  (Throne  des 
Glaciers  de  la  Savoie,  Chambery,  1840),  divides  glaciers  into  glaciers  reservoirs 
and  glaciers  d'^coulementy  the  former  in  the  high  regions,  and  the  latter  de- 
icending  into  the  lower  valleys.    He  estimates  the  height  of  the  sepuntion 
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OD  their  beds,  as  well  as  that  the  particles  of  ice  rub  over  one 
another,  and  change  .their  mutual  positions."  * 

The  movement  of  glaciers  is  important  as  regards  the 
transportal  of  mineral  substances,  inasmuch  as  by  it  they  bear 
onwards  upon  their  surfaces  any  fragments  of  rock  that  may 
fall  upon  them  from  the  heights  amid  which  they  pass  ;  thrust 
before  them  any  loose  accumulations  of  blocks,  gravel,  sand, 
and  earth  which  may  oppose  their  course,  and  even  break  off 
portions  of  rocks  where  the  resistance  of  the  latter  is  less  than 
the  force  of  the  glacier,  divisional  planes,  such  as  joints  and 
cleavage,  with  the  natural  bedding  of  rocks,  often  rendering  the 
mass  of  such  rocks  less  resistant  than  it  would  otherwise  be. 
The  observer,  accustomed  often  to  see  the  steep  cli£  of  many 
a  moimtain  region  covered  towards  their  bases  by  the  debris 
detached  by  atmospheric  influences  from  above,  and  especially 
in  climates  or  regions  where  frosts  and  thaws  often  alternate, 
would  readily  expect  these  fragments  to  move  onwards  with 
the  glacier  on  the  edges  of  which  they  may  fall.  Instead, 
therefore,  of  accumulating  in  a  talus  of  debris,  as  can  be  well 
studied  in  the  more  mountainous  parts  of  the  British  islands, 
the  mass  of  fragments  moves  slowly  onwards,  and  the  protection 
from  atmospheric  influences  afforded  by  this  talus  to  the  solid 
rocks  beneath  it  (in  some  mountain  regions  collectively  very 
considerable),  is  removed  precisely  in  localities  where  the  vicis- 

between  the  two  in  Savoy  at  2,923  metres  (9,590  English  feet).  He  points  to 
the  aocomnlation  of  snow  iu  the  higher  regions,  the  rain,  when  it  fidls  there, 
freezing,  and  to  the  feeding  of  the  lower  gladers  by  the  descent  of  this  snow 
and  ice, 

*  **  But,"  he  adds,  "  I  maintain  that  the  former  motion  is  caused  by  the  hitter, 
and  that  the  motion  impressed  by  gravity  upon  the  superficial  and  centra]  parts 
of  a  glacier  (especially  near  its  lower  end),  enables  them  to  pall  the  lateral  and 
inferior  parts  along  with  them.  One  proof,  if  I  mistake  not,  of  such  an  action 
is,  that  a  deep  current  of  water  flows  under  a  smaller  declivity  than  a  shallow 
one  of  the  same  fluid.  And  this  consideration  derives  no  slight  confirmation,  in 
its  application  to  glaciers,  fh>m  a  circumstance  mentioned  by  M.  Elie  de  Beau- 
mont, which  is  so  true  that  one  wonders  that  it  has  not  been  more  insisted  on — 
namely,  that  a  glacier,  where  it  descends  into  a  valley,  is  like  a  body  pulled 
asunder  or  stretched,  and  not  a  body  forced  on  by  superior  pressure  alone"  (p.  370). 
In  a  note  to  this  passage,  the  Professor  remarks,  **  Uiat  a  state  of  universal  disten- 
sion, or  a  state  of  universal  compression,  is  equally  incompatible  with  the  exist- 
ing phenomena  of  most  glaciers,  and  that  compression  in  some  parte  and  distension 
in  others  are  plainly  indicated  by  their  natural  features." 
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dtndes  of  climate  itre  often  so  great  that  it  can  be  the  leaft 
spared. 

The  blocks  and  smaller  fragments  (neceasarily  very  variable 
in  form  and  volume,  according  to  the  character  of.  the  over- 
hanging rocks,  and  the  amount  of  their  decomposition  anterior 
to  their  fall),  and  thus  strewed  upon  the  glaciers,  are  well 
known  a^  moraines.*  These  moraines  also  necessarily  differ  in 
general  volume,  according  to  the  amount  of  matter  which  may 
be  detached  from  the  heights  above  the  glacier,  and  the  rate  of 
movement  of  the  glacier  itself  ou  the  sides  adjoining  the 
Bonrces  of  the  detadied  fragments.  Two  lines  of  moraine  will 
mark  the  edges  of  a  glacier,  should  the  heights  on  either  rade 
of  it  afibrd  the  needfril  supply,  as  also  a  mass  of  rock  rising 
through  a  giader,  should  it  ako  afford  fragments,  as  has  been 
pointed  out  by  Professor  Forbes.  Wlien  two  or  more  streams 
of  glaciers  unite,  each  bearing  its  two,  or  even  as  we  have 
seen,  three  lines  of  rock  fra^ents,  the  union  will  so  dispose  of 
the  lines  as  to  form  a  less  number  for  the  remaining  course  of 
the  glacier,  as  in  fig.  85,  where  the  gladers  coming  down  the 
ng.8S. 


valleys  A  and  6,  and  uniting  the  four  mortuaes,  two  on 
the  ^des  of  each  glacier,  become  three  (a),  (b),  (c),  by  the 
union  of  the  lateral  moraines  2  and  3  into  a  central  moraine 
(b).  Various  other  unions,  easily  imagined,  are  prodj|Ced,  aa 
minor  contribute  to  main  glaciers.  A  great  central  moraiue 
may  he  eatabliahed  by  the  junction  of  two  long  tines  of  ^lader 

■  ThU  name  haa  become  commoti  with  ni  from  the  works  of  1h  auMKure 
ad  olhen  vnting  in  French.     Onffrr  ia  ibe  Qermsn  term  tor  theai. 
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sides,  unbroken  for  a  considerable  distance,  and  upon  which  a 
great  fall  of  fragments  may  take  place,  while  the  opposite  sides 
may  be  -marked  with  slighter  lines  of  moraine,  derived  irom 
tributaries  ^ceiving  a  less  amount  of  Iragmeuts. 

Fig.  88. 


The  above  view  (fig,  86),  representing  the  upper  part  of  tlie 
glader  of  the  Aar,*  well  shows  the  lines  of  moraine  coming 
down  from  the  glacier  of  the  Unateraarhorn,  on  the  left,  and 
from  that  of  the  Lauteraarhomer,  on  the  right.  It  also  illus- 
trates the  formation  of  a  ^gle  line  of  moraine  in  the  centre, 
by  the  union  of  the  two  lateral  moraines  of  the  glaciers  above 
n9ticed.  Examples  are  also  seen  of  the  jpushroom-like  appear- 
ance produced  by  the  unequal  melting  of  the  surface  of  a 
glacier,  so  that  protection  being  aflbrded,  as  long  since  pointed 
out  by  De  Saiissure,  by  a  block  of  rock  (particularly  if  it  has 
so  fallen  on  the  glacier  as  to  rest  in  a  tabular  manner),  the  ice 
beneatli  has  not  disappeared  so  rapidly  as  around  it,  and  thu^ 

*  Itedmeedfioma  view  in  the  I^tudermr  lei  Glaciertby  Agassiz.  Netiehatcl, 
J840. 
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the  block  is  raised  upon  a  stem  of  ice.  Some  of  the  blocks 
thus  supported  are  ver}'  large.*  It  is,  in  the  same  manner,  to 
the  protection  from  the  sun  and  rain  afforded  to  the  ice  beneath 
by  the  mass  of  the  moraine,  that  it  often  rises  above  the  ice.  f 

The  annexed  view  J  (fig.  87),  of  the  upper  part  of  the  glacier 
of  Zermatt,  also  shows  the  effects  produced,  as  regards  moraines, 
by  the  union  of  glaciers.  On  the  left,  the  lines  of  moraine 
are  derived  from  the  glacier  of  Monte  Rosa  and  of  the  Gor- 
nerhorn,  and  the  lateral  moraine  of  the  foot  of  the  Riffelhom 
with  the  great  moraine  of  the  Breithom  are  seen.  On  the  right 
are  the  glaciers  of  the  Little  Cervin  and  of  the  Furke-flue,  and 
the  crevasses  across  the  united  glaciers  are  well  exhibited  in  front, 
as  also  the  rise  of  the  ice  above  the  side  of  the  glacier,  showmg 
that  the  blocks  and  other  rock  fragments,  there  borne  onwards, 
would  have  a  tendency  to  fall  over  and  accumulate  in  a  lateral 
moraine,  off  the  ice,  and  upon  the  adjoining  lower  ground. 

*  A  large  one,  observed  by  Professor  Forbes,  in  1842,  is  represented  in  his 
Travels  through  the  Alps,  &c.,  pi.  1,  and  he  gives  the  following  instructive 
account  of  it : — "  There  lies  on  the  ice  a  very  remarkable  flat  block  of  granite, 
which  particularly  attracted  my  attention  on  my  first  visit  in  1842  to  that  part 
of  the  glacier.  It  is  a  magnificent  slab,  of  the  dimensions  of  23  fiset  by 
17,  and  about  3^  in  thickness.  It  was  then  easily  accessible,  and  by  climbing 
upon  it  and  erecting  my  theodolite,  I  made  observations  on  the  movement  of 
the  ice ;  but  as  the  season  advanced  it  changed  its  appearance  remarkably.  In 
conformity  with  the  known  fact  of  the  waste  of  the  ice  at  its  surface,  the 
glacier  sunk  all  round  the  stone,  while  the  ice  immediately  beneath  it  was  pro- 
tected from  the  sun  and  rain.  The  stone  thus  appeared  to  rise  above  the  level 
of  the  glacier,  supported  on  an  elegant  pedestal  of  beautifully  veined  ice.  Each 
time  that  I  visited  it,  it  was  more  difficult  of  ascent,  and  on  the  6th  August,  the 
pillar  of  ice  was  thirteen  feet  high,  and  the  broad  stone  so  delicately  poised  on 
the  summit  of  it  (,which  measured  but  a  few  feet  in  any  direction),  that  it  was 
almost  impossible  to  guess  in  what  direction  it  would  ultimately  fidl,  although 
by  the  progress  of  the  thaw,  its  fall  in  the  course  of  the  summer  was  certain.' 
During  my  absence  in  the  end  of  August,  it  slippe<f  from  its  support,  and  in  the 
month  of  September  it  was  be^nning  to  rise  on  a  new  one,  whilst  the  unmelted 
base  of  the  first  was  still  very  visible  on  the  glacier."  (p.  92.) 

t  The  glacier  cones,  as  they  are  caUed,  are  accounted  for  on  the  same  prin- 
ciple of  protection  f^om  the  influence  of  the  sun,  sand  washed  by  rain-water 
into  cavities  on  the  glacier  finally  so  accumulating  that  it  prevents  the  melting 
of  the  ice  beneath  at  the  rate  experienced  around,  so  that  the  sand  still  remaining 
on  the  ice,  the  latter  takes  the  form  of  a  cone  with  a  sandy  covering.  They  have 
been  found  20  to  30  feet  in  height,  and  80  to  100  feet  in  circumference.— Agaseiz, 
iStudes  surles  Glaciers,  chap.  x.,and  Forbes,  Travels,  &C.,  chap,  ii.,  p.  26. 

X  Also  taken  from  the  iStudes  sur  les  Glaciers,  by  Agassiz. 


GLACIER  MORAINES. 
Fig.  87. 


If  the  rate  of  movement  of  a  glacier  depends  upon  the  slope 
Bad  form  of  the  suhjaeent  and  boundary  rocks,  all  other  condi- 
tions being  equal,  *  wc  should  expect  it  to  vary  very  materially 
in  the  coaree  of  the  same  glacier,  and  in  different  glaciers. 
TTie  very  careful  invesligatioiia  of  Professor  James  Forbes 
have  proved  the  correctness  of  the  view  taken  by  M.  Rendu,  f 
that  the  central  portions  move  faster  than  the  lateral,^  so  that 
the  blocks  and  fragments  of  the  medial  lines  of  moraine 
descend  further  in  less  time  than  those  on  the  sides,  even  when  the 

*  When  the  nle*  of  adTiDce  of  different  glaciers  are  compared  with  tbe 
ilopeB  on  which  tbe;  move,  il  i«  very  eKential  to  take  ail  other  condiiioni  into 
■coonDt,  a  preontioii  irbicb  does  not  appear  to  have  been  alwayi  adopted. 

t  Tbforie  de«  GUcien  de  la  SsToie,  p.  63. 

t  Travels  throngh  tlie  Alps  of  Savoj,  &c.,  chap,  vii.,  entitled  "  Account  of 
Ezperiment*  od  the  Motion  of  the  Ice  of  the  Mer  de  Glace  of  Chsmouai."  The 
means  adopted  vere  of  an  order  to  insure  EQCcess.  The  Professor  selected  a 
point  on  the  ice,  and  delermined  its  position  with  respect  to  three  fixed  cc 
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.    latter  are  not  thrown  over,  and  left  in  the  ground  bounding  the 

sides  of  a  glacier.      From  the  i^ature  of  the  transport,  any 

'  enormous  mass  of  rock,  tlqtached  from  a  height  above  a  glacier, 


■*- 


observations  of  four  days,  that  the  Ice  on  which  his  instmment  was  placed 
moved  duxing  each  24  hours  at  the  rate  of 

15-2  :  —  16-3  :  —  17*6  :  —  17-4  inches, 
a  variaiion  which  he  considered  due  to  the  increasing  heat  of  the  weather.  On 
trying  the  rate  of  noctamal  motion,  as  compared  with  the  diurnal,  the  Professor 
found  exactly  one-hslf,  the  night  having  been  cold.  The  general  motion  was 
not  by  fits  of  advance  and  halts,  but  orderly  and  continuously.  By  well-consi- 
dered arrangements,  he  also  found  that  the  somewhat  common  opinion  of  the 
sides  of  a  glacier  moving  faster  than  the  centre  was  incorrect,  and  that,  on  the 
contts^ry,  their  motion  was  slower.  From  the  29th  June  to  the  1st  July  (1842), 
while  the  sides  of  the  part  of  the  Mer  de  (jflace  experimented  upon  moved  at  a 
rate  of  17  ■  6  inches  for  each  24  hours,  the  centre  advanced  27*1  inches.  Other 
experiments  on  other  parts  of  the  glacier  led  to  similar  results.  It  was  found 
that,  **  (1)  The  motion  of  the  higher  parts  of  the  Mer  de  Glace  is,  as  a  whole, 
•lower  than  that  of  its  lower  portion,  but  the  motion  of  the  middle  region  is 
slower  than  either.  (2)  The  Glacier  de  G^ant  moves  faster  than  the  Glacier  de 
L^chaud.  (d)  The  centre  of  the  glacier  moves  fiaster  than  the  sides.  (4)  The 
difference  of  motion  of  the  centre  and  sides  of  the  glacier  varies  with  the  season 
of  the  year,  and  at  different  parts  of  the  length  of  the  glacier ;  and  (5)  The 
motion  of  the  glacier  generally  varies  with  the  season  of  the  year  and  the 
state  of  the  thermometer."  Subsequent  investigations  enabled  Professor  Forbes 
40  state  (Philosophical  Transactions,  1846,  **  Illustration  of  the  Viscous  Theory 
of  Glacier  Motion,"  parts  1,  2,  and  3),  that  the  movement  of  the  Mer  de  Glace 
went  on  continuously  for  17  days,  and  he  gives  a  valuable  table  of  the  apparent 
and  relative  motion  of  45  points,  two  feet  apart,  in  a  line  traversing  the  axis  of 
fhis  glacier,  in  1844  (p.  171). 

The  motion  of  a  particular  stone,  named  the  Pierre  Platte,  on  the  Mer  de 
Glace,  was  observed  to  be  as  follows : — 

From  the  1 7th  September,  1 842,  to  12th  September,  1843, 
the  advance  in  360  days  was  .         .         .         .         .  256*8  feet. 
"Reduced  to  the  year  of  365  days  ....  260*4  ,, 

Mean  daily  motion 8*56  inches. 

From  12th  September,  1843,  to  19th  August,  1844,  342 

days    -         .        ;.         .         .         .         -         .         .270     feet. 
Proportion&l  motion  for  965  days        ....  288*3  ,, 

Mean  daijjly  motion  .  " 9*47  inches. 

There  are  ^iis^  important  tables  of  the  motion  observed  at  two  stations  on  the 
Glacier  dm  Bols  (one  observed  fh)m  the  2nd  October,  1844,  to  the  2 1st  November, 
1845,  and(th#4>ther  j^om  4tfi  December,  1844,  to  21st  November,  1645) ;  and  at 
two  statttijjs'pn  the  Gla^r  des  Bossons  (one  from  20th  November,  1844,  to 
22nd  November,  1845,  and  the  other  from  2od  October,  1844,  to  22nd  Novem- 
ber, 1 845),  showing  the  variable,  but  continued  progress,  of  these  glaciers  during 
the  intervals  Among  the  results,  it  appeared  that  **  in  both  glaciers  the  .y 
summer  faiotion  exceeds  the  winter  motion  in  a  greater  proportion  as  the  station  ^ 
is  lower,  that  is,  exposed  to  more  violent  alternations  of  heat  and  cold. 
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ivill  move  as  r^dily  onwards  as  a  small  fragment ;  indeed,  from 
its  protecting  influence  against  the  action  of  the  sun  and  rain, 
it  would  tend  to  preserve  the  ice  beneath  far  more  effectually, 
considering  the  subject  generally ;  not,  however,  forgetting 
that  from  the  unequal  melting  of  the  ice  around  and  partly 
beneath,  it  may  be  tilted  o£F,  not  only  into  a  crevasse,  where 
it  might  advance  with  the  general  march  of  the  glacier,  but 
also  into  some  situation  where  its  progress  may,  for  a  time 
at  l6ast,  be  arrested.  Some  of  flie  blocks  observed  on  the 
glaciers  ave  of  very  considerable  dimensions.  Professor 
Forbes  mentions  having  seen  one  on  the  ice  of  the  glacier 
of  Viesch,  in  the  Vallais,  nearly  100  feet  long,  and  40  or 
50  feet  high.*  '  , ' 

While  thus  fragments  of  all  dimensions,  and  in  great  abund- 
ance, find  their  way  with  an  unequal  rate  of  movement, 
according  to  their  position  on  a  glacier,  to  lower  levels,  nu- 
nierous  others  are  arrested  in  their  progress,  tilted  off,  and  left 
on  the  ground  adjoining  its  sides,  should  circumstances  permit. 
When  a  glacier  so  changes  its  volume  as  to  occupy  a  higher 
relative  level  at  one  time  than  another,  amid  the  mountain 
depressions  and  ravines  over  and  through  which  it  may  move, 
and  the  conditions  for  leaving  n^arginal  accumulations  of  rock 
fragments  on  the  outside  of  it  obtain,  such  accumulations, 
should  the  ice  afterwards  decrease  in  volume,  would  remain  to 
attest  this  previous  state  of  the  glacier,  f  No  marks  of  this 
kind  would  be  left  where  the  sides  of  a  ravine  or  clifl^  were  so 


•  Travels,  &c.,  p.  46.  A  very  large  granite  block,  also  seen  by  the  Professor 
upoD  the  Mer  de  Glace,  in  1842,  is  figured  by  him  in  the  same  work,  p.  57. 

f  Professor  Forbes  (Travels,  &c.,  p.  24)  has  given  a  very  illustrative  section 
(fig.  88),  showing  the  manner  in  which  fragments  (c)  of  rock  may  be  left  by 


i>:'^lV- — 

the  decrease  of  a  glacier,  and  in  which  a  part  of  a  lateral  moraine  may  fall  into 
a  cavity  (a)  between  the  ice  and  the  boundary  fock,  or  be  left  stranded  on  an 
iBclined  shore.  (6)    The  section  of  a  central  moraine  is  seen  at  (</). 
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etccp  that  the  blocks  could  not  find  rest.  The  fragments  would 
either  nse  or  descend  with  the  glacier,  some  probably  fulling 
iDto  any  space  left  betweeo  the  ice  and  the  wall  of  rock,  and 
open  ei^er  from  a  certain  amount  of  melting  of  the  glacier  at 
its  coutact  with  the  rock,  or  &om  the  passage  of  the  mass  of 
ice  along  the  uneven  front  of  a  cliff,  cavities  of  different  kinds 
t}ius  presentii^  themselves. 

From  fragments  of  rock  becoming  jammed  between  the  ice 
of  a  glacier  and  its  rocky  walls,  as  cannot  fail  often  to  l>e  the 
case,  and  indeed  is  well  known,  the  friction  of  these  frag- 
ments, pressed  by  the  great  force  of  the  glader,  grooves  and 
furrows  the  adjoining  rocks  in  lines  corrcspondbg  with  their 
motion.  Professor  Forbes  ^ves  the  following  interesting  view 
(fig.  89)  of  the  '  Angle,'  Mer  de  Glace,  where  granite  Hocks 
Fig,  89. 


e  jammed  in  between  the  ice  and  the  rock,  wearing  "  furrows 
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in  the  retaining  wall,  which  is  all  freshly  streaked,  near  the 
level  of  the  ice,  with  distinct  parallel  lines,  resulting  from  this 
abrasion.  The  juxtaposition  of  the  power,  the  tool,  and  the 
matter  operated  on,  is  such  as  to  leave  not  a  moment's  doubt 
that  such  striae  must  result,  even  if  their  presence  could  not  be 
directly  proved."  *  This  friction  alone  would  tend  to  reduce 
the  fragments  to  less  size,  and  even  to  fine  powder.  Looking  at 
the  general  conditions  of  glacier  movements,  the  kind  of  ground 
these  masses  of  ice  pass  over,  and  to  the  introduction  of  frag- 
ments from  the  sides,  and  even  through  the  crevasses  to  the 
bottom,  we  should  expect  that  the  grooving  and  scratching 
would  be  considerable  on  the  bottom  and  sides,  mingled  with 
an  extensive  smoothing  of  surface,  as  if,  in  the  application  of 
a  huge  polishing  apparatus,  acting,  as  a  whole,  with  minor  de- 
viations, in  one  direction,  harder  grains  were  strewed  about,  so 
that  scratching  as  well  as  polishing  was  effected,  f  This 
scratching  and  smoothing  by  glaciers  has  been  chiefly  observed, 
with  reference  to  their  geological  value,  in  modem  times, 
though  the  rounded  and  polished  surfaces  frequently  seen  have 
been  long  known  by  the  name  of  Baches  MotUormies,  that  as- 
signed them  by  De  Saussure. 

From  the  general  grinding  of  glaciers  on  their  beds,  the 
friction  of  the  fragments  on  each  other,  and  the  decomposition 
of  many  kinds  of  rock. in  regions  where  the  alternations  of 
frost  and  thaw  are  so  common,  particularly  in  the  wanner  parts 
of  the  year,  much  finely  comminuted  mineral  matter  could 
scarcely  fail  to  be  exposed  to  the  action  of  any  running  water, 
finding  its  way  amid  the  glacier,  and  along  its  sides  and  hot- 
tom4  The  streams  and  rivers  derived  from  glaciers  have  com- 

*  Travels,  &c.    The  wood-cut  is  a  reduced  sketch  from  pi.  8,  p.  76. 

f  Though  the  grooves  are  uitually  long,  parallel,  and  polished,  the  minor 
scratches  often  cross  each  other. 

X  There  is  much  finely  comminated  mineral  matter  distrihuted  OTer  some 
parts  of  many  Alpine  glaciers.  It  is  sometimes  so  fine  as  to  enter  the  inter- 
stices of  the  more  porous  ice,  thus  distinguishing  the  latter  from  the  more 
compact  hands.  These  '*  dirt  bands,"  as  Professor  Forbes  terms  them,  were  of 
much  sendee  to  him  in  his  examination  of  the  structure  of  glaciers.  Alluding 
to  the  discoloration  from  this  finely  comminuted  detritus,  the  Professor  observes, 
''  'ilie  cause  of  the  discoloration  was  the  next  point,  and  my  examination 
satisfied  me,  that  it  was  not,  properly  speaking,  a  diversion  of  the  moraine,  but 
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raonly  a  marked  character,  as  above  noticed,  from  the  quantity 
of  fine  mineral  matter  in  mechanical  suspension.  These  some- 
times Ml  into  lakes,  and  leave  the  fine  sedimentary  matter 
behind  them,  as  is  the  case  with  many  amid,  and  on  the  skirts 
of  the  Alps,  while  some  have  a  considerable  course,  as,  for 
example,  the  Durance  (bearing  the  glacier  wafers  of  Monte 
Viso),  and  many  tributaries  of  the  Po,  fed  by  glacier  streams 
from  the  southern  side  of  Mont  Blanc,  and  other  Italian  por- 
tions of  the  high  Alps  on  either  side  of  that  mountain. 

Independently  of  the  mass  of  fragments  which  may  be  borne 
forward  by  a  glacier,  when  it  is  on  the\increase  outwards,  from 
1^  fitting  combination  of  conditions,  it  ploughs  up  the  ground 
before  it,  thrusting  forward  the  loose  substances,  no  matter  how 
accumulated,  and  with  them,  should  th^y  come  in  its  course, 
fields,  woods,  and  houses.  We  remember  seeing  the  Glacier 
des  Bois  thus  crushing  and  forcing  all  before  it  during  its  ad- 
vance in  1819.*  These  accumulations,  to  which  the  transported 
blocks  and  minor  fragments  of  rock  are  being  added,  as  the 
ice  melts,  which  once  supported  and  carried  them  onwards,  f 
are  known  as  terminal  moraines,  and  by  their  position  a  glader 
is  inferred  to  be,  for  the  time,  either  retreating,  advancing,  or 
stationary.}    That  glaciers  advance  and  decrease  is  well  known, 

that  the  particles  of  earth  and  sand,  or  disintegrated  rock,  which  the  winds 
aud  avalanches  and  water-nms  spread  over  the  entire  breadth  of  the  Ice,  found 
a  fodgement  in  those  portions  of  the  glacier  where  the  ioe  was  most  porous,  and 
that  consequently  the  'dirt  bands'  were  merely  indices  of  a  peculiarly  porous 
veined  structure  traversing  the  mass  of  the  g/acier  in  these  directions." — Tra- 
yels,  &c,  p.  163.  Upon  careful  examination  these  *'  dirt  bands"  were  found  to 
be  quite  superficial. 

*  In  1820  it  attained  its  greatest  known  modem  advance  into  the  valley  of 
Chamonix. 

t  Respecting  the  blocks  and  fragments  of  rocks  thus  carried  outwards,  M. 
Rendu  has  remarked  that  some  of  them  can  be  occasionally  traced  to  the  very 
commencement  of  a  glacier. — Th^orie  des  Glaciers  de  la  Savoie. 

I  Professor  Forbes,  after  quoting  M.  Venetz  (vol.  i.  of  the  Traniaetions  of 
the  Swiss  Nat.  Hist.  Society),  as  pointing  out  **  that  passes  the  most  inaccessible, 
traversed  now  perhaps  but  once  in  twenty  years,  were  frequently  passed  on  foot, 
sometimes  on  horseback,  between  the  eleventh  aud  fifteenth  centuries,"  consi- 
ders the  evidence  important,  as  "  showing  that  a  very  notabie  enlargement  of 
these  boundaries  (glacier  boundaries),  was  consistent  with  the  limits  of  atmo- 
spheric temperature,  which  we  know  that  the  European  climate  has  not  mate- 
rially overpassed  within  historic  times.'' — Travels,  &c ,  pp.  43,  44. 
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and  this  to  considerable  distances,  so  that  many  a  terminal 
moraine  left  at  one  time,  may  be  again  forced  forward  at 
another,  part  of  it  so  caught  in  the  advance  of  the  ice  as  to  be 
,  employed  in  grooving  and  scratching  the  solid  rocks  beneath, 
then  bared  and  passed  over  by  the  glacier.  Enormous  blocks* 
are  often  left  by  glaciers  in  their  retreat ;  indeed,  under  such 
circumstances,  they  would  not  only  leave  the  terminal  moraines, 
marking  their  extension  for  the  time,  and  during  periods  of 
increase,  but  also  their  whole  load  of  blocks  and  fragments,  up 
to  the  new  limits  of  the  decreased  glaciers. 

Supposing  a  glacier  to  advance  and  retreat  from  causes 
which,  though  variable  on  the  minor  scale,  are  constant  for  con- 
siderable intervals  of  time,  there  would  be  no  small  ^amount  of 
blocks  and  fragments  of  rock,  too  considerable  to  be  borne 
onwards  by  river  action,  left  either  perched  on  various  parts  of 
the  mountain  sides,  or  distributed  over  the  valleys,  within  the 
range  of  increase  and  decrease  of  these  masses  of  ice  in  glacier 
regions.  This  great  and  constant  general  action,  continued 
through  long  time,  would  scarcely  otherwise  than  very  consi- 
derably modify  the  state  of  the  area  from  that  original  condi- 
tion, when  the  glaciers  were  first  formed,  even  supposing  no 
alteration  in  the  relative  level,  as  respects  the  sea,  of  the 
mountain  masses  amid  which  they  occur.  Under  this  view, 
and  without  inferring  any  alteration  of  general  climate,  further 
than  that  brought  about  by  the  accumulations  of  snow  and  ice 
upon  the  rocks  so  thrust  up,  by  geological  causes,  into  the  cold 
part  of  the  atmosphere  that  they  can  there  remain,  no  slight 
modification  of  surface  would  arise  from  the  fall  of  fragments 
of  rock,  some  remaining  stranded  and  perched  about  in  various 
directions,  while  multitudes  of  others  were  borne  outwards 
amid  surrounding  valleys.  Avalanches  aid  in  the  general  de- 
scent  of  fragments  of  rocks,  carrying  many,  with  their  snows, 
to  lower  levels,  sometimes  falling  on  glaciers,  sometimes  into 


*  professor  Forbes  mentions  one  of  green  slate,  pnshed  forward  by  the  gla- 
cier of  Swartzberg,  TaUey  of  Saas,  and  now  left  at  a  distance  of  about  half  a 
mile  from  the  glacier  by  its  retreat,  estimated  by  M.  Venetz  to  contain  244,000 
cabic  feet.  This  mass,  if  abont  14  cubic  feet  be  taken  to  the  ton,  wonld  weigh 
no  less  than  17,438  tons. 
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deep  valleys,  where  the  fragments  are  merely  exposed  to  the 
ordinary  action  of  rivers. 

Taking  the  general  causes  and  movements  of  glaciers  in  the 
Alps  for  his  guides,  the  observer  is  enabled  to  infer  how  £sir 
glaciers  would  be  found  in  other  regions.  M.  ij^lie  de  Beaumont 
has  pointed  out,  that  *  from  the  little  variation  of  dimatal  con- 
ditions in  tropical  regions,  glaciers  would  not  be  expected 
among  the  mountains  there  situated,  and  sufficiently  high  to  be 
clothed  with  perpetual  snow.  Where  the  alternations  of  frost 
and  thaw,  snow  and  rain,  would  be  insufficient  to  produce  the 
needful  amount  of  neve,  assuming  this  to  be  the  storehouse 
whence  the  glaciers  are  supplied,  these  would  not  be  found. 
Looking,  therefore,  at  the  different  known  regions  of  the  world, 
their  varied  relief,  as  regards  the  distribution  of  high  and  low 
land,  the  different  amount  of  water  supply  from  the  atmosphere, 
either  in  the  shape  of  snow,  hail,  or  rain ;  changes  of  tempera- 
ture during  various  times  of  the  year,  and  their  amount ;  pre- 
valent or  periodical  winds — one  set  dry,  the  other  bringing 
abundant  moisture,  and  proximity  or  distance  from  the  sea — 
the  observer  finds  no  want  of  modifying  conditions  for  the  pre- 
sence or  absence,  and  geological  importance  of  glaciers.  At 
one  time  glaciers  were  somewhat  doubted  among  the  great 
range  of  the  Himalaya,  but  several  are  now  known.  The  height 
of  the  lowest  part  of  the  Finder  glacier  is  estimated  at  about 
11,300  feet  above  the  sea,  and  that  of  the  Kuplinee  gla- 
cier at  12,000,  which,  the  height  of  the  perpetual  snow  line 
near  them  being  considered  at  about  15,000  feet,  would  give  a 
glacier  descent  of  3,700  feet  for  the  former,  and  3,000  feet  for 
the  latter,  t  The  lowest  part  of  the  glacier  of  the  Ganges  is 
12,914  feet  above  the  sea,  according  to  Captain  Hodgson. 

Proceeding  from  the  temperate  parts  of  the  world,  where 


*  Remarqnes  sur  deux  points  de  la  Th^rie  des  Glaciers,  Annales  des  Sciences 
G^logiqnesy  1842.  He  observes  that  glaciers  being  due  to  amraal  and  not 
merely  to  dinmal  conditionsi  there  could  be  only  perpetual  taiows,  and  not  gla- 
ciers, under  the  equator,  where  the  variations  of  temperature  are  only  dinmal. 

t  Lieutenant  Strachey,  Bengal  Engineers,  Jameson's  Edinburgh  New 
■>hil.  Journal,  vol.  xliv.,  p.  119,  and  Journal  of  the  Asiatic  Society  of  Bengal, 
^o.  viii.,  p.  794. 
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high  lands  rise  sufficiently  high  into  the  atmosphere  to  obtain  a 
constant  covering  of  snow,  and  the  fitting  conditions  pennit 
glaciers  to  descend  amid  the  adjacent  valleys  at  lower  levels,  * 
to  the  Arctic  and  Antarctic  regions,  we  find  the  glaciers  not 
only  covering  various  portions  of  land,  but  jutting  into  the  sea, 
the  line  of  perpetual  snow  having  descended  towards  its  leveL 
If  the  observer  will  in  imagination^  and  by  reference  to  the 
view  of  part  of  it  previously  given  (fig.  84),  fill  up  the  valley 
of  Chamonix  with  sea  to  the  height  of  about  4,000  feet  above 
the  village  of  Chamonix  (3,425  feet  above  the  sea),  and  there- 
fore so  that  the  perpetual  snow  line  descended  (in  round  num- 
bers) to  within  about  1,000  feet  from  the  sea  level,  t  it  will 
readily  be  seen  that  numerous  glaciers  would  jut  into  the  sea, 
resting  upon  and  grating  along  the  rocks  forming  their  bases 
and  sides,  until  the  emersion  in  the  water  became  such  that  they 
floated  at  their  extremities,  the  transport  of  fallen  fragments 
being  continued  in  the  manner  that  they  now  are,  tmtil  the 
glacier  reached  the  sea.  Here  the  conditions  for  their  further 
transport  would  be  modified.  Instead  of  terminal  moraines, 
the  blocks  would  be  thrown  into  deep  water,  and  those  which 
now  &11  off  the  lateral  moraines  would  be  distributed  at  greater 
or  less  distances  from  the  new  shores.  Modifications  woiJd  also 
arise  from  the  increase  or  decrease  of  the  mass  of  the  glaciers, 
assuming  the  needful  climatal  changes.  If  we  now  add  wave 
and  breaker  action,  and  tides,  it  will  be  seen  that  there  would 
be  a  tendency  to  have  the  protruding  portions  of  the  glaciers, 
where  they  floated,  broken  away  by  the  one  and  the  other, 
more  particularly  when  the  glaciers  were  weakened  by  lines  of 
crevasses,  formed,  as  now,  upon  the  land,  before  the  protrusion 
seaward  was  effected.  Great  masses  of  ice  would  thus  be 
borne  away,  supporting  their  moraines,  gathered  and  trans- 
ported outwards,  as  at  present. 

This  imaginary  case  may  be  considered  as  realized^  from  the 

*  In  the  Pyreoees,  the  conditions  for  the  production  of  glaciers  wonld  appear 
to  be  sncb,  that,  where  they  occor,  they  are  almost  always  found  on  the  northern 
slopcrof  the  mountains. 

t  Taking  8.500  feet  above  the  sea  as  the  anow  line  for  the  Alps,  the  altitude 

inferred  by  Professor  Forbes. 

s  2 
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near  iqiproach  of  the  perpetual  snow  line  to  the  sea,  with  cer- 
tain obvious  modifications,  in  portions  of  the  Arctic  regions. 
Glaciers  formed,  neceesarily,  at  minor  altitudes  above  the  sea, 
there  descend  to  the  shores  in  various  situations,  aa,  for  example, 
in  parts  of  Greenland  and  Spitzbergen,*  even  advancing  beyond 
them,  BO  that  their  extremities  become  separated  and  are  borne 
avay  by  tidal  streams  and  aea  currents,  the  masses  of  ice 
often  loaded  with  the  fragments  of  rock  detached  from  the 
cli&  and  heights  amid  which  the  glatners  moved  outwards,  as  in 
the  Alps.  Let  a,  b,  c,  d,  and  e  (fig.  90),  represent  the  section 
of  a  portioD  of  coast,  along  a  ravine  or  hollow,  in  which  a 
glacier,  /,  g,  c,  h  finds  its  way  outwards  to  the  sea,  <,  so  that 

Rf  90. 


at  h,  it  has  a  tendency  to  float  at  its  extremity,  from  its  relative 
spetnfic  gravity,  as  regards  the  sea,  and  it  should  be  recollected 
diat  glacier  ice  wotdd  ook  less  deeply  in  sea  than  in  fresh 
water.  And  let  t  be  the  level  of  ordinary  high  water  in  a  tidal 
sea,  and  t  f  'Hbe  difference  of  level  between  high  and  low  water. 
The  ordinary  glacier  movements  and  their  consequences  would 
go  on  uninterruptedly,  as  in  the  Alps,  allowing  for  the  modifi- 

*  With  Tcipect  to  the  altentiMit  of  tempcTatare  productiTe  of  gladen,  it 
iroald  appMT  that  in  tfacM  region!  there  u  no  -want  of  the  needfdl  allcrnatiana 
of  froil  and  Ihaw.  In  Qreenlind  the  beat  of  the  daji  in  the  iiunmer  nionthi  it 
eoniideralile,  Uia-wing  the  tao-w  and  ice,  while  the  nighta  are  ooBunool;  oold. 
irith  trmn.  Even  dnring  ^a  winter  at  Spitibergen,  irhen  itrODg  eootberl^ 
vind*  prerail,  thawi  are  known.  The  terapeiatnTc  of  the  warmeet  msntlia  at 
'^tibcTgen  ia  eadmated  at  34°'5,  and  the  longeat  day  laila  fimr  month*^  tb« 
orthern  portion  of  theae  ialanda  tmog  within  10°  of  the  North  Pole. 
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cations  due  to  an  Arctic  climate^  from  f  \o  g,  where  the  sea 
line  cuts  the  coast  and  glacier;  while  from  g  towards  dy  a 
change  in  the  polishing,  grooTipg,  and  scratching  of  the  rocky 
sides  and  bases  would  gradually  be  effected  as  the  final  floating 
of  the  ice  removed  its  pressure  from  them.  Still  much  of  the 
polishing,  grooving,  and  scratching  would  take  place  beneath 
the  sea  level,  and  the  fragments  which  may  have  fallen  between 
the  glader  and  its  sides,  or  through  crevasses  of  sufficient 
depth,  while  above  the  level  of  the  sea,  would  be  squeezed 
out  beneath  the  ice  under  that  level,  accompanied  by  the  finer 
detrital  matter,  derived  in  the  manner  above  mentioned  (p.  255), 
which  is  borne  away  amid  dry  land,  and  in  mechanical  suspension, 
by  the  glacier  rivers.  As  the  ice  moved  seawards,  instead  of 
Uie  terminal  moraine  of  an  inland  glacier,  the  blocks  and  frag- 
ments of  rock  of  the  lateral  and  central  moraines,  should  there 
be  such,  would  fedl  over  into  the  sea,  accimiulating  in  different 
ways  beneath  it,  according  to  the  depth  of  water  and  configu- 
ration of  the  coast  It  is  assumed,  for  illustration,  that  at  d 
such  blocks  do  accumulate.  With  respect  to  the  finer  detritus, 
instead  of  being  removed,  amid  dry  land,  by  running  waters, 
as  in  the  Alps,  its  outward  movements  by  such  means  would  be 
checked  at  the  sea  level,  ^,  with  the  difference  due  to  the  fall 
of  tide  to  t'.  Its  further  course  outwards  would  depend  upon 
the  specific  gravily  of  the  water  loaded  with  this  matter  in 
mechanical  suspension,  and  the  general  motion  of  the  glacier. 
We  have  seen  that  the  turbid  waters  of  the  Rhone  readily  sink 
beneath  the  clear  water  of  tlie  Lake  of  Geneva^  spreading  over 
the  bottom  (p.  51),  and  we  should  anticipate  that  the  turbid 
waters  tmder  notice,  finding  their  way  beneath  Arctic  glaciers 
in  the  usual  manner  above  the  sea  vlevel,  would  also  be  dis- 
charged outwards  beneath  the  glacier,  particularly  when  we 
regard  the  head  of  water  formed  inland,  between  the  glacier 
and  its  rocky  sides  and  base,  and  the  movement  of  the  glacier 
itself,  tending  to  carry  off  any  mud  or  clay  so  accumulated 
that  it  could  interrupt  the  free  course  of  the  turbid  water.  We 
have,  moreover,  to  recollect,  that  from  the  melting  of  the 
glacier  by  the  sea,  the  saltness  of  the  latter  is  usually  found 
much  diminished  in  such  situations.     Taking  all  the  circum- 
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stances  into  consideration,  there  would  appear  much  probability 
of  the  finer  detritus  finding  its  way  beneath  the  glader  into 
the  sea,  to  be  distributed  over  its  bottom  according  to  condi- 
tions, tidal  streams  and  sea  currents  producing  their  usual 
effects.  Along  steep  coasts,  such  as  those  of  Greenland,  where 
glaciers  are  so  common,  much  mud  may  be  thus  distributed 
under  the  deep  water  which  usually  adjoins  them,  and  into  this 
mud  glacier-borne  firagments  of  rock,  sometimes  of  consider 
able  volume,  would  from  time  to  time  be  discharged,  so  that 
the  resulting  mixture  would  be  a  clay  without  apparent  strati- 
fication,  amid  whidi  fragments  of  rocks,  of  very  varied  form 
and  volume  were  dispersed. 

The  transport  of  fragments  by  glacier  ice,  the  latter  jutting 
into  the  sea,  does  not  cease  in  the  cold  regions  of  the  globe 
with  the  extension  of  the  glader  itself;  not  only  is  it  subject, 
at  its  seaward  extremity,  to  the  breaker  action,  which  observers 
inform  us  undermines  its  baae,  apd  finaUy  brings  down  huge 
fragments  into  the  water,  but  also  to  the  pressure  of  tidal 
streams  or  sea  currents,  and  to  the  fracturing  influence  of  the 
up  and  down  motion  produced  by  the  rise  and  jEelU  of  tides  in 
tidal  seas.  Some  of  the  masses  of  ice  thus  broken  off  and 
floated  away,  as  at  m  (fig.  90),  with  any  load  of  blocks  and 
miAor  fragments  of  rock,  which,  in  the  ordinary  inland  glaciers 
of  temperate  climates  would  be  carried  towards  the  terminal 
moraines,  would  contribute,  as  at  e  (fig.  90),  by  their  melting, 
and  during  a  long  lapse  of  time,  no  small  amount  of  blocks 
which  might  be  dbpersed  amid  the  clay  or  mud,  even  of  deep 
waters,  such  as  those  in  Baffin's  Bay. 

Greenland  has  been  considered  as  a  mass  of  land  nearly 
covered  by  perpetual  snows  and  interlaced  with  glaciers,  many 
of  the  latter  protruding  beyond  the  ordinary  coasts  into  the  sea. 
Their  seaward  extremities  are  well  known,  after  having  been 
detached  from  their  main  masses,  to  be  floated  away,  often 
bearing  fragments  of  rock  in  and  upon  them,  even  to  and 
beyond  Newfoundland.*   In  the  western  and  mountainous  part 

*  The  current  from  the  northward  bears  a  mass  of  ice  with  it  to  the  south- 
ward along  the  east  coast  of  Greenland ;  sea  ice,  as  weU  as  the  glacier  ice 
loticed  above.  The  ice  is  described  as  sometimes  extending  across  from  Green* 
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of  Spitzbergen,  glaciers  reach  and  protrude  into  the  sea, 
exposing  ice-clifis  from  100  to  400  feet  in  height.  A  little 
northward  of  Horn  Sound,  a  great  glacier  is  noticed  as  occu- 
pying 1 1  miles  of  the  sea-coast,  the  highest  portion  rising  in  a 
cliff  of  400  feet  above  the  water.  On  the  east  coast  of  North- 
East  Land  great  glaciers  are  also  found. 

M.  Ch.  Martins*  mentions  that  the  glaciers  of  Spitzbei^en 
are  commonly  even  and  not  much  broken,  and  that  the  ice 
resembles  that  of  the  upper  glaciers  of  Switzerland,  pointing 
out  that  of  Aletsch  as  a  good  illustration  of  the  Spitzbergen 
glaciers.  There  are  lateral,  but  no  central  moraines,  the 
former  proceeding  with  the  glacier  to  the  sea.^  The  cUfls  of  ice 
rifdng  above  the  sea  he  estimates,  as  previous  observers  have 
done,  as  varying  in  height  from  30  to  120  metres  (98  to  393 
English  feet),  and  he  states,  that  the  seaward  terminal  portions 
of  the  glaciers  rest  on  water.  Respecting  the  height  and  slope 
of  the  Spitzbergen  gladers,  he  estimates  the  difference  between 

land  to  Iceland ;  polar  bean  being  occasionally  ice-borne  to  the  latter,  where 
they  commit  great  havoc  until  destroyed.  The  accumulation  of  ice  is  stated  to 
extend  occasionally  from  120  to  160  miles,  seawards,  around  Cape  Farewell. 
Its  moTement  thence  is  described  as  northward  to  Qaeen  Anne's  Cape,  passing 
afterwards  to  the  western  side  of  DstIs's  Strait,  and  from  Cape  Walsingham 
(Cumberland  Island)  along  the  American  shore  to  Newfoundland. 

Mr.  Bedfield  (American  Journal  of  Science,  vol.  xWiii.,  1845)  giTes  a  valu- 
able chart,  iUnstratiye  of  a  paper,  on  the  Drift  Ice  and  Currents  of  the  North 
Atlantic.  Touching  the  genersd  quantity  of  drift-ice,  it  is  stated  to  vary  con- 
nderably.  **  It  is  sometimes  seen  as  early  in  the  year  as  January,  and  seldom 
later  than  the  month  of  August  From  March  to  July  is  its  most  common 
season.  It  is  found  most  firequeutly  to  the  west  of  lon^tude  44°,  and  to  the 
eastward  of  longitude  52°,  but  icebergs  are  sometimes  met  with  as  far  eastward 
as  longitude  40°,  and  in  some  rare  cases  even  still  further  towards  Europe." — 
p.  373. 

*  Observations  sur  les  Glaciers  du  Spitzberg  compares  a  ceux  de  la  Suisse  et 
de  la  Norw^ge.  Bull,  de  la  Soc.  G^l.,  vol.  xi.,  1840 ;  Biblioth^que  Universelle 
de  Gen^e,  1840. 

t  Respecting  the  moraines  of  Spitzbergen,  M.  Martins  observes  that  the  bases 
of  the  nearly  vertical  cliffs  bounding  the  glaciers  are  covered  with  a  mass  of 
debris,  fidlen  from  the  heights.  Between  these  heights  and  the  glacier  there  is 
sometimes  a  small  valley  or  depression.  The  great  glacier  of  Bell  Sound  is  thus 
separated  ttom  its  boundary  heights.  This  glacier  was  merely  stained  with 
earth  in  its  lateral  portions.  Those  of  Madalina  Bay  were  covered  with  stones  at 
their  lower  portions,  occupying  about  an  eighth  part  of  their  breadth.  Not 
only  were  blocks  seen  in  their  upper  surfaces, .  but  also  embedded  in  the  ice, 
M.  Martins  never  saw  them  in  the  front  of  the  glaciers  bordering  the  sea. 
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the  foot  and  the  sumntit  of  a  Bell  Sound  gkder  at  1150  feet, 
and  its  slope  at  10°.  The  principal  glacier  of  Bell  Sound 
is  also  stated  to  be  nearly  horizontal,  in  consequence  of  its  great 
length.  M.  Ei^ene  Robert,  who  likewise  visited  Spitzbergen, 
remarks  on  the  destruction  of  the  ice  by  tho  breakers,  and 
considers  that  where  this  is  not  eflected,  the  masses  of  ice  are 
very  stationary.  M.  Durocher,  who  has  also  visited  these  lands, 
observes "  that  the  glaciers  do  not  there  rise  more  than  firom 
1300  to  16^  (English)  feet  above  the  sea ;  the  snows  above  not 
taking  the  character  of  0^4,  being  too  mncb  elevated  above  tlie 
needJal  conditions  for  its  prodnction. 

The  masses  of  ice  detached  from  the  land,  floating  about, 
and  commonly  known  as  icebergs,  are  sometimes  of  very  con- 
siderable dimensions.  The  accompanying  (fig.  91)  is  a  view  of 
one  seen  by  Sir  Edward  Parry  f  in  his  first  voyage,  and  is  inte- 


resting, not  only  as  showing  the  magnitude  of  tliis  mass  of  ice, 
(the  far  greater  portion  being  concealed  beneath  the  sea,)  but 
also  as  exhibiting  something  of  its  structure.  It  may  be  here 
observed,  that  such  masses  of  ice,  remtuning,  as  they  are  often 

•  M^oire  rir  U  limite  iet  neigea  perp^toellu,  nr  les  gltden  da  8pitib«rg 
ompanfi  It  cenit  des  Alpe«— Pirtie  de  Geographic  Phyiiqne  da  Voyage  de  Is 
<cberche,  IB4S.    ScoresbygiTW  the  height  of  the  HomSoondgliderM  1300 

f  Iteduced  from  a  plote,  in  Psrry'*  Firtt  Voy»ge,  4to  edit. 
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known  to  do,  stranded  for  a  long  time  in  some  high  latitude, 
might  become  covered  with  snows,  marked  by  alternations  of 
frosts  and  thaws,  and  even  frozen  rain,  so  that  their  upper  parts 
may  be  in  the  condition  of  neve,  thus  covering  over  the  remains  of 
old  .moraines,  resting  on  more  ordinary  glader  ice.  Indeed,  as 
respects  the  latter  itself,  in  regions  where  the  perpetual  snow 
line  closely  approximates  to  and  even  cuts  the  level  of  the 
sea,  we  might  expect  the  neve  condition  more  and  more  to  pre- 
vail, and  it  has  been  considered  that  icebergs  are  frequently 
of  that  character. 

The  northern  icebergs  may  be  regarded  as  th^  great  carriers 
of  rock  fragments,  often  of  a  great  size,  from  the  lands  where 
the  bergs  have  been  formed,  as  portions  of  glaciers,  over  a  part 
of  the  Northern  Atlantic,  distributing  them  upon  the  bottom  in 
various  directions,  and  upon  parts  of  it  to  which  no  other  cause 
now  contributes  detritus^*  Blocks  and  minor  fragments  may 
even  be  thus  dropped  upon  bare  rocks  beneath,  and  upon 
every  kind  of  inequality.  Should  a  constant  supply  of  block-' 
bearing  icebergs,  regarding  the  subject  generally,  be  thrown 
into  any  constant  current,  corresponding  lines  of  deposit  would 
result,  assmaing  the  melting  of  masses  of  ice,  of  various  sizes, 
9t  different  times  and  distances  during  their  progress  in  such 
current ;  these  lines  having  no  reference  to  the  form  of  the 
bottom,  or  its  modifications  from  any  other  deposits  accumulated 
now,  or  at  previous  geological  times.  Stranded  near  shores, 
or  upon  mud  or  sand-banks,  these  though  somewhat  deep  in  the 
sea,  still  catching  their  submerged  portions,  icebergs  would 
tend  much  to  disturb  detrital  deposits  beneath  them,  particu- 
larly when  moved  by  the  waves  produced  during  heavy  gales  of 
wind,  as  also  by  the  rise  and  fall  of  tides.  The  heavy  thumping 
of  such  huge  masses,  as  some  of  these  icebergs  are,  would 
cause  great  derangement  of  deposits  efiected  tranquilly ;  and  in 
many  situations,  blocks  and  fragments  of  rocks,  with  gravels. 


*  Mr.  Coathooy  raentioDf  an  iceberg,  with  apparenUy  boulders  npon  it,  as 
low  down  as  latitude  36^  W  N.,  and  longitode  39^  W.  The  same  anther  states 
that  he  had  often  met  with  icebergs  between  the  parallels  of  36^  and  42^  N.«  in 
his  ▼oyages  to  and  from  America  and  Enrope.  American  Journal  of  Science, 
▼ol.  zliii.,  1842. 
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sands,  and  clays,  would  be  irregolarly  mixed  by  the  applica- 
tion of  such  force — singular  intermixtures,  and  contortions  of  any 
previously  bedded  structure  being  produced.  The  icebergs 
which  ground  upon  the  Banks  of  Newfoundland  can  scarcely 
fail  to  produce  much  disturbance  of  the  bottom,  often  adding 
to  it  great  blocks  and  minor  firagments  of  rocks,  borne  by  them 
from  more  northern  regions.  * 

As  is  well  known,  glaciers  reaching  the  sea  are  not  confined 
to  the  northern  hemisphere,!  they  are  also  found  in  the  antarctic 
regions.  Sir  James  Ross  mentions  a  great  glacier,  at  ^tna 
Islet,  South  Shetland,  as  descending  from  a  height  of  1200  feet 
into  the  ocean,  where  it  presented  a  vertical  cliff  of  100  feet. 
Adjoining  the  termination  of  the  glacier,  Sir  James  found  the 
largest  aggregation  of  icebergs,  evidently  broken  from  it,  he  had 
ever  seen  collected  together.  Glaciers  are  also  noticed  by 
&  James  Ross  as  descending  from  nearly  the  summit  of  the 
Admiralty  Range  (mountains  7,000  to  10,000  feet  high)  in 
Victoria  Land,  and  projecting  many  miles  into  the  sea,  bare 
rocks  in  a  few  places  inland  breaking  through  the  covering  of 
ice.  As  in  the  arctic  regions  such  glaciers  may  be  expected 
to  bring  down  with  them  those  fragments  of  rock  which  can  fall 
upon  them,  to  grate  over  the  hard  rocks  on  which  they  move, 

*  Mr.  Goathoay  (American  Joarnal  of  Science,  vol.  xliii^  184S,  p.  155) 
mentions  having  seen  (in  September,  1822)  a  large  iceberg  aground  on  the 
eastern  edge  of  the  Great  Bank  of  Newfoundland,  and  considered  to  be  in  about 
720  feet  water  (120  fiithoms),  soundings  three  miles  inside  giving  630  feet  (105 
ftthoms.  A  fipesh  wind  from  the  eastward  kept  for<nng  it  on  the  bank,  the  sea 
causing  it  to  rock  with  a  heavy  grinding  noise.  On  another  occasion  (August, 
1827)  he  observed  another  iceberg  aground  upon  the  Great  Bank,  in  between 
480  and  640  feet  water  (80  to  90  &thoms).  The  huge  mass  rocked  with  the 
swell,  going  at  the  time,  and  even  turned  half  over  when  struck  by  the  breakers. 
The  sea,  for  about  a  quarter  of  a  mile  around,  was  discoloured  by  mud  worked 
up  from  beneath.  Above  water  the  iceberg  was  60  to  70  feet  high,  and  about 
1200  feet  long.  It  suddenly  fell  over  on  its  side,  with  much  disturbance  of  the 
sea. 

f  Although  glaciers  are  so  common  in  Iceland,  they  do  not  appear  actually 
to  reach  the  sea.  Those  descending  from  the  high  JokuUs  are  noticed  as  sepa- 
rated firom  it  by  great  moraines.  Some  of  the  gladers  are  described  as  black  in 
parts  from  the  quantity  of  volcanic  cinders  and  ashes  with  which  they  are 
covered.  The  sudden  melting  of  snows  and  glaciers  firom  volcanic  action  in 
Iceland  is  represented  as  producing  great  rushes  of  water,  bearing  large  accu- 
mulations of  volcanic  products  outwards. 
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and  to  aid  iu  contributing  fine  detritus  to  the  adjacent  sea- 
bottom,  should  the  temperature  be  such  that  water  could  flow 
between  the  ice  and  the  supporting  rock.  Moreover,  when 
we  consider  the  Tolcanic  character  of  so  much  of  the  great 
southern  land  as  has  been  seen,  we  should  expect  that,  as  in 
Iceland,  volcanic  eruptions  and  the  heating  of  the  ground  would 
occasionally  produce  the  sudden  melting  of  snows  and  descent 
of  the  water  which  could  remain  fluid  sufficiently  long  to  find 
its  way  to  the  sea.  In  this  manner,  not  only  the  transport  of 
ashes  and  cinders,  and  the  larger  volcanic  substances  vomited 
out  of  craters,  may  be  moved  to  the  lower  ground,  or  into  the 
sea,  but  also  the  fragments  of  rock  which  might  have  fallen 
upon  snow  or  ice  from  any  clifis  or  steep  places  wherever 
atmospheric  influences  could  detach  them ;  not  forgetting  the 
effects  of  earthquakes  (so  common  in  great  volcanic  countries) 
upon  the  glaciers  and  snows,  especially  in  localities  where  great 
avalanches  could  be  produced. 

Though  from  its  general  mode  of  occurrence,  the  great  icy 
barrier  of  the  antarctic  regions  might  not,  at  first,  appear  any 
important  agent  in  the  transportal  of  mineral  matter,  it  has 
been  found  that,  under  certain  conditions,  portions  of  the  ice, 
detached  from  it,  may  bear  no  inconsiderable  amount  of  mud, 
sand,  and  rock  fragments  of  various  sizes  into  milder  climates, 
depositing  their  loads  over  the  bottom  of  the  sea  upon  which 
they  may  be  carried.  This  icy  barrier  presents  a  very  singular 
appearance,  stretching  over  a  vast  distance,  with  ice-clifl&  rising 
from  150  to  200  feet  above  the  sea,  large  fragments  of  them 
and  minor  pieces  of  ice  floating  in  front  of  it,  as  shown  in  the 
annexed  riew*  (fig.  92),  representing  a  great  detached  mass  in 
a  long  creek  or  bay  in  the  barrier  itself.  From  the  relative 
specific  grarity  of  ther  ice  and  sea- water,  the  former  necessarily 
descends  from  beneath  the  level  of  the  sea  to  a  depth  which 


*  Tiken  firom  Captdn  Wilkes's  "United  States  Exploring  Expedition," 
nA,  ii.  The  yessel  represented  is  the  '*  Peacock,"  which  had  been  driyen 
against  this  great  mass  of  ioe.  The  view  wiU  at  fhe  same  time  afibrd  an 
idea  of  the  great  barrier  itself^  which  wonid  be  bat  an  extension  of  a  similar 
range  of  ioe-difb.  A  long  illnstratiTe  view  of  the  great  antarctic  ice-barrier  is 
giTen  in  Ros^s  **  Voyage  of  Disooyery  and  Research  in  the  Antarctic  Regions/' 
▼oL  L  p.  232.  . 
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might  be  estimated  if  the  ice  were  of  an  unifonn  kind,  with  a 
known  specific  gravity.  ThlB  is,  however,  far  from  being  the 
case,  for  the  layers  of  which  it  is  composed  would  appear  to 
present  somewhat  the  character  of  the  nev^  of  the  higher  parts 
of  glaciers  in  temperate  regions,  being  formed  of  alternations 
of  snow,  sleet,  irozen  mist  and  rwn,  with  the  re-freezing  of 
portions  which  in  the  summer  months  may  be  thawed  at  times 
by  the  influence  of  the  sun.  *  As  detached  portions  of  this 
barrier  were  found  by  Sir  James  Ross  aground,  60  miles  from 
its  main  edge,  and  200  miles  from  Victoria  Land,  in  1,560  feet 
of  water,  the  ice  was  there  at  least  of  that  thickness. 

The  depth  of  water  obt^ned  not  far  distant  from  the  bar- 
rier f  would  show,  as  Sir  James  Ross  has  nbeerved,  that  much  of 


*  3ir  Jamei  Row  de«cribei  gigantic  iciclea  depending  fron  the  projeetiDg 
parti  of  the  ice-cliSi,  proving  that  ihavt  aometimMhiok  place.  NotvithstandiDg 
that  the  time  ol  the  observation  (Februar;  9,  IBll)  corresponded,  aa  recpecia 
•eaaoD,  with  Angntt  in  EngUnd,  the  tempeistare  vaa  at  12°  (Fshr.)  and  did 
sot  rile  above  14°  at  noon. 

t  Sir  Jamea  Bom  fiwnd  (lat  77°  G6'  S,  long.  190°  15'  E.)  a  depth  of 
l,9S0  feet  (330  &thami),  -within  a  quarter  of  a  mile  of  the  barrier,  the  bottom 
green  mad.  He  alio  obtained  2,400  feet  (400  fathonig)  12  or  14  miles  off  the 
icytniTier  in  another  situation,  about  lOOmilea  from  Victoria  Land,  the  bottom 
being  alto  a  green  mnd,  id  wfl  that  the  coynding-lead  descended  iuto  it  3  (r^t. 
"  Voyage  of  Diacorerj  and  Keaearch  in  the  Sonthem  and  Antarctic  Regioca," 
Tol,  i. 
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it  must  be  npborne  by  the  sea,  and  not  rest  on  the  sea  bottom, 
however  the  general  mass  may  be  held  fast  by  adhering  to 
land,  or  by  reposing  upon  mud,  sand,  gravel,  or  solid  rock,  at 
minor  depths.  It  will  be  obvious  that  the  ice  must  be  limited 
in  depth  by  the  temperature  of  the  water  to  which  it  descends. 
We  have  seen  (p.  112)  that  at -the  depth  of  4,500  feet,  the  most 
dense  water,  with  its  temperature  of  39^*5,  appears  to  remain 
somewhat  fixed  in  these  regions,  the  waters  of  the  upper  parts  of 
the  sea  necessarily  varying  in  temperature  according  to  the  sea- 
sons. In  January  (1841),  consequently  in  the  summer  of  that 
portion  of  our  globe,  Sur  James  Ross  found,  about  12  or  14  miles 
from  the  barrier,  a  temperature  of  33®  at  a  depth  of  900  feet, 
one  which  could  not  fail,  widely  spread  beneath  as  we  might 
expect  it  to  be,  to  act  upon  the  lower  part  of  the  great  mass 
of  ice  descending  into  the  sea.* 

Seeing  that  numerous  and  large  masses  of  ice  are  annually 
detached  from  the  great  ice-barrier  adjoining  Victoria  Land, 
and  are  floated  off  into  milder  regions,  the  question  arises  of 
whence  the  needfiil  supply  for  this  loss  is  obtained,  assuming  a 
certain  general  icy  frontier  to  bound  the  barrier,  and  due  allow- 
ance being  made  for  the  variation  of  seasons.  The  great  thick- 
ness of  the  detached  masses  would  lead  us  to  consider  that  they 
were  not  portions  formed  on  the  outskirts  of  the  main  mass  during 
certain  seasons  as  additions  to  it,  and  were  subsequently  broken 
off,  to  be  replaced  by  other  additions ;  but  rather  that  they  were 
essential  portions  of  the  main  mass,  formed  at  the  same  time 
and  in  the  same  manner  with  it.  Under  this  view  there  would 
be  a  motion  outwards  of  this  mass,  sufficient  to  supply  the 
annual  waste  of  icebergs  at  the  outer  edge.  Such  a  movement, 
fliough  very  slow,  would  yet  produce  a  corresponding  effect  on 
the  bottom  of  the  sea  over  which  this  great  mass  of  ice  passed, 
grating  over  it,  heavily  pressing  upon  and  scratching  bare 

*  The  temperatafe  at  1,800  fiset  was  84°  *  2,  at  900  feet  83°,  at  the  snrfluse  31°, 
SDd  of  fhe  ur  28°.  In  aoother  situation  (lat.  77°  49'  S.,  and  long.  162°  36'  W.\ 
and  about  one  mile  and  a  half  from  the  barrier,  Sir  James  Ross  fbond  the 
temperatare  of  the  bottom  (green  mad)  at  1,740  feet  (290  ftthoms)  to  be  80°*  8, 
onl  J  2°  lower,  he  obserres,  than  woold  be  obtained  at  a  more  considerable 
distanoe  from  the  barrier,  and  showing  the  small  influence  of  the  mass  of  ice 
npoo  the  sea  adjoining  it 
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rocks  and  shingle  beds,  in  the  manner  of  a  common  glacier, 
though  over  a  far  wider  area.  Shingle  beds,  produced  by  some 
previous  condition  of  land  and  sea,  might  thus,  as  well  as  any 
supporting  rock,  be  scratched  throughout,  pebbles  moved 
against  pebbles,  in  lines  of  a  general  parallel  character,  oyer 
very  extended  areas. 

As  the  various  layers  of  which  the  ice-barrier  is  formed 
indicate  accumulations  from  atmospheric  causes,  unless  the 
melting  of  the  beds*  beneath  were  equal  to  the  deposit  of  snow, 
sleet,  fog,t  and  rain  (frozen  upon  its  fall)  above,  there  would 
be  a  continued  increase  of  icy  matter.  The  marked  general 
uniformity  in  height  of  the  ice^cliffs,  and  the  tabular  character 
of  the  surface  of  the  barrier  inwards,^  would  point  to  some 
cause  having  an  extended  and  uniform  action,  so  modifying 
any  accumulation  of  the  kind  as  to  keep  the  mass  at  a  general 
uniform  thickness.  Tlie  temperature  of  the  sea  at  a  fitting 
depth  would  appear  sufficient  to  effect  this,  any  addition  from 
above  to  the  general  mass,  so  long  as  it  plunged  into  water 
and  did  not  rest  on  the  sea  bottom,  being  compensated  by  the 
melting  of  the  lower  surfiice,  pressed  down  by  the  increased 
accumulation  above. 

Captain  Wilkes  refers  the  formation  of  the  ice  in  the  first 
place  to  ordinary  field  ice,  upon  which  layers  from  rain,  snow, 
and  even  fog  so  accumulate,  that  the  mass  descending,  takes 
the  ground,  part  of  it  trending  outwards  into  deeper  water,  and 
floating  when  conditions  permit.  § 

*  Respecting  these  layers,  Captain  Wilkes  (United  States  Exploring  Expe- 
dition, Tol.  ii.)  observes  **  that  80  di£ferent  beds,  on  the  average  2  feet  thick,  were 
counted  in  the  large  icebergs,  detached  firom  the  main  Ice,  and  SO  in  the  smaUer." 
Assoming  simUar  beds  beneath  the  sea  leyel,  the  whole  would  oonstitnte  no 
small  amoont  of  ice  and  snow  accnmnlated  in  horizontal  layers  and  beds,  in 
part  supported  like  beds  of  solid  mineral  matter  by  subjacent  ground. 

t  Beqtecting  fi>g,  Captain  Wilkes  remarks  **  that  it  may  make,  when  froaen, 
a  marked  addition  to  the  ice  acenmulations,  since  he  has  Imown  it  froKen  to  the 
depth  of  a  quarter  of  an  inch  upon  the  spars  and  rigging  of  the  ships  in  a  few 
hours." 

%  Where  an  opportunity  occurred  of  seeing  over  the  ice-diff  (about  50  feet 
high)  Sir  James  Boss  describes  the  mass  as  quite  smooth  in  its  upper  part,  and 
looking  like  **an  immense  plain  of  frosted  silver." 

}  Wilkes,  "  United  States  Exploring  Expedition,"  toL  ii.  Reppecting 
lat  portion  of  the  mass  which  reposes  on  the  bottom  beneath  the  level  of  the 
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Huge  maSBee  of  this  barrier,  detached  from  it,  float  to  more 
temperate  regions,  bome  onwards  hj  ciurents  and  prevalent 
winds.     The  accompanying  sketch*  (fig.  93)  will  afibrd  an  idea 

Tig.  93. 


of  the  tabular  character  of  numerouB  icebergs  beibre  they  have 
be«i  much  melted  in  more  temperate  climates,  and  alao  will 
show  the  stratified  appearance  noticed.  Sir  James  Ross  found 
man;  t  in  about  63"  Sfy  south,  rising  with  tabular  summits  to 
the  height  of  from  120  to  180  feet,  several  more  than  2  miles 
in  drcumference.  They  were  falling  rapidly  to  pieces,  and 
thdr  course  was  marked  by  the  portions  of  ice  detached  from 
them.  Bespectiiig  the  mode  in  which  icebergs  are  separated 
from  the  main  mass  of  the  ice  barrier,  and  from  the  few  be  ob- 
served near  it  during  the  sunmier  montlis,  Sir  James  Roes  infers 
that  they  are  chiefly  detaclied  during  the  winter,  the  temperature 
of  the  sea  and  the  air  being  then  bo  different,  whereas  it  more 
doBely  approximates  during  the  summer.  He  points  to  the 
great  cradcs,  some  many  miles  in  leugtb,  observed  in  the  ice 

Ks,  VB  luTS  ftlM  to  eoniid«r  the  eSect,  fcr  anj  T»lne  it  may  hiTe,  vhieh  maj 
be  due  to  terrestrie)  heU  benemtb,  the  groand  protected  from  great  Btmaiplierio 
deprcMioiM  of  tenpenture  t^  the  man  of  ice  tnd  mow  abore. 

*  Taken  from  Wilket'i  "  United  Statea  Exploring  Expedition,''  toI.  iL 
t  97th  Deoember,  1840.  "  Vojage  of  JUMearery,"  &e.  Tbey  extend  often 
with  a  limilar  tabular  chancter,  aceordisg  to  particnUr  uaaoni,  more  northerlj. 
Accrading  to  loch  icaaODi  alio,  the  ioebergi  generally  of  the  loatliem  Tegi<Hii 
range  to  t«7  difierent  wanner  latitudea.  Upcn  retnming  from  tbe  antarctio 
regiona  in  1S40,  the  different  TcaKla  of  the  United  Statei  Exploring  EspeditioD 
•aw  the  iMt  in  G5°  8^  51°  8.,  and  63°  S.  The;  were  known  to  range  lo  much 
Dartherl;  in  1633,  that  Tcuda  bonnd  ronnd  Cape  Horn  from  the  Pacific  were 
oUiged  to  pat  bMk  to  Chili  for  a  time,  in  order  to  vnAi  tbem. 
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of  arctic  regions  upon  a  sudden  fall  of  30^  or  40^  in  the 
temperature,  and  more  especially  well  seen  in  the  great  fresh- 
water lakes,  where  the  sudden  rents  are  accompanied  by  loud 
reports.  The  unequal  expansion  of  the  ice  exposed  to  40^  or 
50^  below  zero  (Fahrenheit),  while  beneath  the  temperature  is 
28"^  to  30°  above  it,  could  not.  Sir  James  Ross  infers,  but 
produce  the  separation  of  large  masses  of  ice.  However  little 
the  action  of  the  waves  could  affect  a  mass  descending  so  low 
beneath  the  surface  of  the  sea,  we  should  expect  that  the 
influence  of  a  rise  and  tall  of  tide  would  be  felt,  tending  alter- 
nately to  lift  and  depress  much  of  it,  especially  at  spring  tides, 
so  that  supposing  fissures  formed,  this  very  constant  up  and 
down  movement  would  also  tend  to  separate  masses  at  the  outer 
edge  of  the  barrier. 

While  numerous  icebergs  are  but  the  detached  portions  of 
the  great  ice  barrier,  which  have  not  rested  on  a  sea-bottom, 
and  therefore  transporting  no  mineral  matter  to  milder  regions, 
beyond  any  volcanic  ashes  or  cinders  discharged  over  the  icy 
area,  of  which  they  may  have  formed  a  part,  from  such  volcanic 
vents  as  Mount  Erebus,  and  be  interstratified  with  the  layers 
of  ice  and  snow,'*'  others  carry  onwards  no  small  amount  of 
mud,  sand,  and  rock  fragments  of  different  sizes.  We  have 
accounts  of  some  covered  with  such  detritus,  blocks,  so  found, 
weighing  several  tons.t  The  detached  portions  of  the  glaciers, 
such  as  those  descending  from  the  Admiralty  range,  would  be 
expected  to  transport  the  fragments  which  could  fall  upon 
them,  as  in  the  arctic  regions.  It  would  appear  that,  in  addi- 
tion to  whatever  may  be  thus  carried,  large  icebergs  which 


*  Sir  James  Ross  (Antarctic  Voyage)  meutioiis  *<tfaat  baTing  observed 
new-formed  ice  o£f  Victoria  Land,  covered  with  some  odonring  matter,  a  portion 
of  tbe  ice  was  melted  and  filtered,  and  an  impalpable  powder  cdlected,  con- 
sidered as  volcanic  dnst." 

t  Boss,  '*  Voyage  in  tbe  Antarctic  Regions,"  vol.  i.  p.  173.  Mr.  Coathony 
observed  masses  of  rock  embedded  in  an  iceberg  seen  in  lat  53^  SO'  S.,  long. 
104^  50'  W.,  1,450  miles  from  Tierra  del  Fnego^  and  1,000  miles  fh)m  St  Petet^s 
and  Alexander's  Islands,  whence  he  sapposes  the  ice  to  haye  drifted.  One  of 
the  rock  masses  seemed  to  show  a  &ce  of  about  20  square  feet  When  within 
half  a  mile  of  this  iceberg,  the  temperatore  of  the  air  was  35°,  and  of  the 
water  34°.  The  water  to  leeward  of  the  ice  was  7°  colder  than  4^  miles  to  wmd- 
ward  of  the  berg.— «  American  Journal  of  Science."  vol.  xliii.,  1S4S. 
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have  rested  upon  the  sea  bottom  are  often  capsized,  so  that 
the  mud,  sand,  and  pieces  of  rock  adhering  to  them  beneath 
are  suddenly  upturned^  a  very  great  change  in  the  relative  po- 
sition of  such  detritus  being  in  this  manner  quickly  produced. 
Sir  James  Boss  mentions  one  suddenly  capsized  off  Victoria 
Land,  bringing  up  a  portion  of  the  bottom  100  feet  above  the 
sur&ce  of  the  sea,  so  that  it  was,  for  the  moment,  supposed  to 
be  an  island  not  previously  seen.*  In  this  manner  detritus 
may  not  only  be  transported  directly  from  the  land  upon  de- 
tached portions  of  glaciers,  but  also  the  mud,  sand,  and  stones  of 
a  sea  bottom  be  uplifted  several  hundred  feet,  and  carried  great 
distances  into  milder  climates,  f  A  somewhat  constant  supply 
and  a  general  course  of  the  floating  ice,  from  currents  and  pre- 
valent winds,  would  cause  a  vast  quantity  of  the  detritus,  thus 
obtained  and  floated  away,  to  be  distributed  over  the  sea  bot- 
tom, mud,  sand,  and  fragments  of  varied  sizes  mingled  toge- 
ther. Though  the  finer  matter  would  take  longer  to  sink 
through  the  sea,|  and  so  far  become  strewed  over  the  bottom 
more  widely  and  in  a  more  even  form,  enveloping  various 
inequalities  that  may  occur  (as  well  covering  the  tops  as  the 
sides,  if  not  too  steep,  of  sub-marine  hills),  the  larger  fragments 
would  fall  more  irregularly  upon  and  into  the  finer  sediment. 
Sub-marine  hill-tops  would  be  as  much  covered  by  them  as  any 

*  «•  Antarctic  Voyage,"  vol.  i.  p.  196. 

f  Captain  Wilkes  ("  United  States  Exploring  Expedition")  considered  that  he 
landed  upon  an  aptumed  iceberg,  part  of  the  icy  barrier  weathered  by  storms, 
aboat  eight  miles  from  the  main  land,  in  latitude  G6°  59^  40^'  S.  Upon  it  were 
boalders,  gravel,  sand,  and  mad  or  clay.  The  larger  specimens  were  of  basalt 
and  red  sandstone.  One  piece  of  rock  was  estimated  at  5  to  6  feet  in  diameter. 
The  stones  were  cemented  by  very  compact  ice^  thus  forming  an  icy  conglo- 
merate. 

As  regards  the  distances  to  which  the  icebergs  from  the  sonthem  ice  are 
carried.  Captain  Wilkes  infers  that  they  are  conveyed  westward  the  first  season 
by  the  sondi-east  winds,  aboat  70  miles  north  of  the  barrier,  being  the  second 
season  driven  northwards  until  they  reach  60°  S.,  after  which  they  rapidly 
move  more  northward  and  disappear.  Sir  James  Ross  mentions  a  tabular  ice- 
berg, rising  ISO  feet  above  the  sea,  and  three-quarters  of  a  mile  in  circumference, 
in  about  5S°  36'  a 

X  Sir  James  Ross  (**  Antarctic  Voyage  ")  considers  the  bottom  as  usually  to  be 
Ibund  in  the  Antarctic  Ocean  at  12,000  feet.  Inequalities  to  a  considerable 
amount  also  exist.  No  bottom  was  obtained  by  a  line  of  24»000  feet  in  latitude 
68^  3^  S.,  and  longitude  l^  49'  W. 
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depressions,  and  they  would  often  be  plunged  into  mud,  in  the 
same  manner  as  the  sounding-Iead  above  mentioned  (p.  268), 
and  which  descended  two  feet  into  the  fine  green  mud  beneath 
2400  feet  of  sea,  at  a  distance  of  100  miles  from  Victoria 
Land.  This  fine  mud  would  not  appear  an  uncommon  sea 
bottom  ofl^  Victoria  Land,*  and  as  icebergs  discoloured  by  mud 

*  This  mad  seems,  from  the  soundings  obtained  by  Sir  James  Ross  ("  Antarctic 
Voyage"),  to  be  common  for  about  400  miles  along  the  great  icy  barrier  near 
Victoria  Land.  It  has  been  noticed  previously  (p.  26S)  that  a  detached  portion 
of  this  barrier  was  found  aground  upon  it,  beneath  1560  feet  of  water,  200  miles 
from  that  land.  Respecting  its  composition,  those  minute  bodies  the  Dioto- 
maceee,  which  were  considered  by  Ehrenberg  and  many  naturalists  as  infhsorial 
animals,  and  by  others  as  Tegetables,  and  which  seem  now,  especially  from  the 
researches  of  Mr.  Thwaites  (of  Bristol),  to  be  admitted  by  Dr.  Hooker,  Dr. 
Harvey,  and  other  highly  qualified  persons  as  the  latter,  would  appear  to  form 
no  inconsiderable  portion  of  it  At  the  same  time,  as  no  rivers  of  Victoria 
Land  bear  out  fine  sediment,  and  great  volcanos  are  there  in  activity,  we  may 
look  to  the  distribution  of  ashes  and  cinders  vomited  forth  from  the  latter  as 
adding  such  products  from  time  to  time  to  this  mud. 

"  The  water  and  the  ice  of  the  South  Polar  ocean,"  observes  Dr.  Hooker 
("  Flora  Antarctica,"  vol.  ii,  p.  503)  "  are  alike  found  to  abound  with  microscopic 
vegetables  belonging  to  this  order  (Diatomaceie).  Though  much  too  small  to  be 
discerned  with  tbe  naked  eye,  tliey  occurred  in  such  countless  myriads  as  to  stain 
the  berg  and  pack  ice  wherever  they  were  washed  by  the  swell  of  the  sea ;  and 
when  enclosed  on  the  congealing  surface  of  the  water  they  imported  to  the 
brash  and  pancake  ice  a  pale  ochreous  colour.  In  the  open  ocean  northward  of 
the  frozen  zone,  this  order,  though  no  doubt  almost  universally  present,  gene- 
rally eludes  the  search  of  the  naturalist,  except  when  its  species  are  congregated 
amongst  that  mucous  scum  which  is  sometimes  seen  floating  on  the  waves,  and 
of  whose  real  nature  we  are  ignorant,  or  when  the  coloured  contents  of  the  ma- 
rine animals  which  feed  on  these  Alga  are  examined.  To  the  south,  however, 
of  the  belt  of  ice  which  encircles  the  globe,  between  the  parallels  of  50°  and 
70°  S.,  and  in  the  waters  comprised  between  that  belt  and  the  highest  latitude 
ever  attained  by  man,  this  vegetable  is  very  conspicuous,  from  the  contrast 
between  its  colour  and  the  white  snow  and  ice  in  which  it  is  embedded,  inso- 
much that,  in  the  eightieth  degree,  all  the  surfoce  ice  carried  along  by  the 
currents,  the  sides  of  every  berg,  and  the  base  of  the  great  Victoria  Barrier 
itself,  within  reach  of  the  swells,  are  tinged  brown,  as  if  the  polar  waters  were 
charged  with  oxide  of  iron. 

'<  As  the  majority  of  these  plants  consist  of  very  simple  vegetable  cells,  en- 
closed in  indestructible  silex  (as  other  Alga  are  in  carbonate  of  lime),  it  is 
obvious  that  the  death  and  decomposition  of  such  multitudes  must  form  sedi- 
mentary deposits,  proportionate  in  their  extent  to  the  length  and  exposure  of 
the  coast  against  which  they  are  washed,  in  thickness  to  the  power  of  such 
agents  as  the  winds,  currents  and  sea,  which  sweep  them  more  energetically  to 
certain  positions,  and  in  purity  to  the  depth  of  the  water  and  nature  of  the 
bottom.  Hence  we  detected  their  remains  along  every  ice-bound  shore,  in  the 
depths  of  the  adjacent  ocean,  between  80  and  400  fathoms.    Ofif  Victoria  Bar- 
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seem  not  unfrequent  in  these  southern  latitudes,  such  mud 
may  be  widely  distributed  and  be  irregularly  supplied  with 
sand,  stones,  and  large  fragments  of  rock,  as  the  icebergs 
melt  away  and  drop  their  loads  of  mineral  substances.* 

Captain  Cook  long  since  (1777)  made  known  the  fact  that, 
at  the  mountainous  island  of  South  Georgia,  included  between 
latitude  53°  §7'  and  54°  57  S.,  glaciers  descended  into  the  sea, 
detached  masses  from  which  floated  outwards,  to  be  distributed 
by  ocean  currents  and  prevalent  winds,  in  given  directions. 
The  following  view  of  Possession  Bayf  (latitude  54^  5'  S.),  in 
that  island,  presents  us  with  a  glacier  reaching  the  sea,  the 
depth  of  which  was  more  considerable  than  that  of  an  ordinary 
sounding  line  (204  feet)  employed  at  the  time.  Captain 
Cook  says,  "  The  head  of  the  bay,  as  well  as  two  places  on 
each  side,  was  terminated  by  perpendicular  ice-cliffs  of  cou- 
rier the  bottom  of  the  ocean  wzs  coyered  with  a  stratam  of  pore  white  or  green 
mnd,  composed  principally  of  the  siliceous  cells  of  DiatomacecB ;  these  on  being 
pnt  into  water  rendered  it  clondy,  like  milk,  and  took  many  hours  to  subside. 
In  the  very  deep  water  off  Victoria  and  Graham's  Land  this  mud  was  particu- 
larly pure  and  fine ;  but  towards  the  shallower  shores  there  existed  a  greater  or 
less  admixture  of  disintegrated  rocks  and  sand,  so  that  the  organic  compounds 
of  the  bottom  frequently  bore  but  a  small  proportion  to  the  inorganic." 

Bespecting  the  distribution  of  the  DiatomacMB,  Dr.  Hooker  remarks  (Ibid. 
p.  505)  that  many  species  are  found  from  pole  to  pole,  "  while  these  or  others 
are  preserved  in  a  fossil  state  in  strata  of  great  antiquity.  There  is  also  pro- 
bably no  latitude  between  that  of  Spitzbergen  and  Victoria  Land,  where  some 
of  the  species  of  either  country  do  not  exist :  Iceland,  Britain,  the  Mediterranean 
Sea,  North  and  South  America,  and  the  South  Sea  Islands,  all  possess  Antarctic 
Diatomacea.  The  siliceous  coats  of  species  only  known  living  in  the  waters  of 
the  South  Polar  ocean  haye,  during  past  ages,  contributed  to  the  formation  of 
rocks,  and  thus  they  outlive  several  successive  creations  of  organized  beings. 
The  phonolite  stones  of  the  Rhine  and  the  tripoli  stone  contain  species  identical 
with  what  are  now  contributing  to  form  a  sedimentary  deposit  (and  perhaps  at 
some  future  period  a  bed  of  rock),  extending  in  one  continuous  stratum  for  400 
measured  miles.  I  allude  to  the  shores  of  the  Victoria  Barrier,  along  whose  coast 
the  soundings  examined  were  invariably  charged  with  diatomac€ous  remains, 
constituting  a  bank  which  stretches  200  nyles  north  from  the  base  of  Victoria 
Barrier,  while  the  average  depth  of  water  above  it  is  300  fathoms,  or  1,800  feet.*' 

«  As  respects  sand  intermingled  with  ice  and  carried  away,  Captain  Wilkes 
mentions  (**  United  States  Exploring  Expedition")  a  floating  mass,  composed  of 
alternate  layers  of  snow  and  ice,  the  former  mixed  with  sand.  Upon  tbis  pieces 
of  granite  and  red  clay  were  also  found. 

t  Taken  from  the  plate,  vol.  ii.,  p.  213,  of  Cook's  Voyage  to  the  SouUi  Pole, 

4IO,  1777. 

T   2 
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«derable  heigbt.  I^ecea  were  continually  breaking  off,  and 
floating  out  to  sea ;  and  a  great  fall  bappened  wbile  we  were  in 
tbe  bay  (January  17,  1775),  which  made  a  noise  like  cannon." 
He  also  calls  attention  to  tbe  bottoms  of  the  bays  generally  in 
tbis  land  being  filled  by  glaciers,  supplying  an  abundance  of 
icebergs ;  and  it  is  easy  to  infer  that,  from  amid  the  monntain 
cliffi  among  which  these  glaciers  find  their  way  to  the  coast, 
many  a  fragment  of  rock  may  be  ice-borne,  and  deported  at 
tbe  bottom  of  the  sea,  remote  from  South  Georgia.  Not  a 
stream  or  a  river  could  be  seen  throughout  the  whole  coast  ex- 
plored, though  it  was  visited  in  the  summer  of  that  region. 
Captain  Cook  also  mentions  bays  full  of  glaciers,  descending 
from  the  heights  of  Sandwich  Land,  discovered  by  him  upon 
leaving  South  Georgia,  on  the  south-east  of  that  island.* 

Quitting  the  far  southern  land  and  remote  islands,  the  cli- 
mate is  such  in  Tierra  del  Fuego,  although  comprised  between 
latitude  52°  30'  and  56°  S,  (a  range  corresponding  in  the 
northern  hemisphere  with  the  position  and  distance  between 

*  Cook's  Vofag«  to  the  South  Pole,  vol.  ii.,  p.  324.  He  remarki  t3m>  npoo 
the  flat  sarftces,  aud  eren  heights,  of  the  Icebergs  ia  that  region,  some  two  or 
three  miles  in  circumference,  reminding  oa  of  the  character  of  thoM  off  tbe 
great  ice  bairier  near  Victoria  Land. 
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BirmiDgham  and  Edinburgh),  that  the  line  of  perpetual  snow 
occurs,  according  to  Captain  King,  at  between  3500  and  4000 
feet  above  the  sea  in  the  Straits  of  Magellan,  and  that  glaciers 
descend  into  the  sea.*  Mr.  Darwin  states  that  on  the  north 
side  of  the  Beagle  Channel  (a  remarkable  strait,  running  east 
and  west  across  the  southern  part  of  Tierra  del  Fuego)  the 
mountains  are  covered  with  perpetual  snow,  whence,  in  many 
places,  magnificent  glaciers  descend  to  the  water's  edge, 
fragments  falling  from  them  into  the  sea,  and  floating  about  as 
miniature  icebergs.t  He  remarks  that  glaciers  occur  at  the 
head  of  the  sounds  along  the  whole  western  coast  of  the  south- 
em  part  of  South  America.  J  It  would  appear  that  as  far 
north  as  latitude  48°  30'  S.  glaciers  advance  into  the  sea. 
Eyre's  Sound  is  terminated  by  glaciers  descending  from  the 
range  of  the  Sierra  Nevada  on  the  east.  Mr.  Bynoe  saw  nu- 
merous detached  masses  of  ice  floating  about,  20  miles  from 
the  head  of  the  sound ;  and  upon  one,  drifting  outwards,  found 
an  angular  block  of  granite,  described  as  a  cube  of  nearly  two 


*  Mr.  Darwin  gives  the  foUowing  table  of  the  climate  of  Port  Famine,  Straits 
of  Magellan,  and  of  Dublin :— 


UtiUide. 

Summer 
Tempera- 
ture. 

Winter 
Tempera- 
tare. 

Difference. 

Mean 

of  Summer 

and 

Winter. 

Dublin 

Port  Famine     •     .     . 

o     / 
63  21  N 

53  3S  S. 

o 
69*54 

50* 

0 

39*2 
33 -OS 

o 
20-34 

16*92 

o 
49*37 

41*54 

Difference      .     • 

0  17 

9*54 

6*12 

3*42 

7-83 

I  Darwin,  "  Voyage  of  Adventare  and  Beagle,"  toI.  iii.,  p.  243. 

I  Ibid.,  p.  282.  Mr.  Darwin  observes  (p.  283),  '*  In  the  Canal  of  the  Moun- 
tains no  less  than  nine  (glaciers)  descend  from  a  monntun,  the  whole  side  of 
which,  according  to  the  charts  is  covered  with  a  glader  of  the  extraordinary 
length  of  21  miles,  and  with  an  average  breadth  of  1}  mile.  It  must  not  be 
supposed  that  the  glacier  merely  ascends  some  valley  for  the  21  miles,  but  it 
extends  apparently  at  the  same  height  for  that  length,  parallel  to  the  sound, 
and  here  and  there  sends  down  an  arm  to  the  sea-coast.  There  are  other  gla- 
ders  having  a  similar  structure  and  position,  with  a  length  of  10  or  15  miles 
(Tierra  del  Fuego). 
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feet,  partly  imbedded  in  it,  the  ice  thawed  around.  •  Mr. 
Darwin  directs  attention  to  the  occurrence  of  a  glacier  at  the 
level  of  the  sea,  even  in  latitude  46°  40'  S.,  in  the  Gulf  of 
Penas,  reaching  to  the  head  of  Kelly  Harbour,  pointing  out 
that  thus  '^  glaciers  here  descend  to  the  sea  within  less  than 
nine  degrees  of  latitude  from  where  palms  grow,  less  than  two 
and  a  half  from  arborescent  grasses  ;  and,  looking  to  the  west- 
ward, in  the  same  hemisphere,  less  than  two  from  orchideous 
parasites,  and  within  a  single  degree  of  tree  ferns."  f 

The  transportal  of  mineral  matter  by  floating  ice  is  not 
limited  to  portions  of  glaciers,  broken  off  where  they  have  pro- 
truded into  the  sea,  or  to  masses  detached  from  great  con- 
tinuous ranges  of  ice,  such  as  the  barrier  off  Victoria  Land, 
and  which  have  rested  upon  the  bottom,  and  have  been  sub- 
sequently upset,  then  carrying  rock  fragments,  sand,  and  mud 
upwards,  or  which  scraped  away  a  part  of  the  sea  bottom  as 
they  floated  off,  transporting  detritus,  adhering  beneath,  to 
various  distances.  Rivers,  in  regions  where  the  temperature 
descends  suflSciently  low,  remove  no  small  portion  of  such  matter 
by  means  of  ice  down  their  courses,  and  coast  ice  distributes  no 
inconsiderable  amount  of  it  in  various  directions.  As  regards 
the  mode  in  which  detritus  may  be  conveyed  by  rivers,  it  may 
often  be  studied  in  our  brooks  and  streams,  when  a  sudden 
thaw  suddenly  fills  them  with  water,  lifting  away  ice  which 
may  bind  gravel,  sand,  or  pieces  of  frozen  mud  together,  by 
their  sides  or  in  shallow  places.  According  to  the  relative 
specific  gravities  of  the  detached  portions  of  ice,  stones,  sand,  and 
mud,  will  they  be  seen  to  move,  some  larger  pebble,  perhaps, 
deeply  set  in  its  support  of  ice,  trailing  along,  and  leaving  the 
mark  of  its  passage  on  the  bottom.  Other  portions  will  float 
more  freely  onwards,  some  acquiring  rotatory  motion,  and,  by 
grinding  against  each  other,  parting  with  some  parts  of  their 
load,  especially  the  heaviest,  while  here   and  there  they  become 

*  "  Voyage  of  Beagle,"  toI.  iii.,  p.  283.  Mr.  Darwin  calls  attention  to  this 
sonud  being  in  a  latitude  corresponding,  in  the  north,  with  that  of  Paris,  and 
also  toan  "  Iceberg  Sound,"  as  given  in  the  charts  still  further  north. 

t  Ibid.,  p.  285. 
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jammed  in  the  narrower  parts  of  the  stream,  and  stranded  upon 
shoalsy  there  remaining,  in  great  part,  until,  the  thaw  proceed- 
ing, the  ice  melts,  and  the  detrital  matter  is  dealt  with  by  the 
stream  in  the  usual  manner.* 

The  transportal  of  mineral  matter  which  may  often  and 
easily  be  seen  in  this  minor  manner,  under  the  fitting  con- 
ditions, is  but  carried  out  upon  a  larger  scale  in  many  great 
riyers,  where  the  relative  magnitude  of  the  effects  produced 
more  engages  our  attention,  especially  when  those  objects  to 
which  we  attach  interest  are  endangered  or  sustain  injury. 
In  the  regions  where  ice  is  common  upon  great  rivers  during 
part  of  the  year,  and  that  part  of  the  year  the  time  when  the 
water  supply  is  the  least,  and  the  river  level  the  lowest,  the 
fragments  of  rock,  pebbles,  sand,  and  mud  of  the  sides  and 
shoal  grounds  become,  as  it  were,  a  piece  of  the  main  sheet  of 
ice,  should  it  extend  entirely  over  the  river,  or  of  such  portions 
of  one  as  may  exist.  These  are  ready  to  be  broken  ofi^  lifted, 
and  borne  down  the  stream  as  the  waters  of  the  river  rise 
before  any  general  increase  of  temperature  melts  the  ice  upon 
the  banks^  shoals,  or  general  surface  of  the  river.  It  will 
be  obvious  that  the  transportal  of  detritus  will  depend  upon 
circumstances,  as  in  the  little  brooks,  and  that  while  some 
portions  are  carried  long  distances,  others   will  be  left  in 


*  It  18  while  stadying  the  effects  of  ice  in  the  brooks  and  minor  streams  that 
an  observer  may  sometimes  see  the  formation  of  ice  at  the  bottom.  M.  Arago, 
whose  attention  this  subject  has  engaged,  remarks  respecting  it  (*<  Anniuure  da 
Bareaa  des  Longitades  poar  1833,"  p.  244),  that  the  movement  of  these  run- 
ning waters  mixes  those  of  different  temperatures  and  densities,  so  that  when 
the  whole  is  at  the  freezing  point,  the  pebbles  and  other  substances  at  the  bot- 
tom of  the  brook  constitute  so  many  projections,  as  in  a  saline  solution,  and 
thus  ice  is  formed  upon  them.  The  ice  thus  produced  is  spongy,  from  the  cross- 
ing and  conibsed  grouping  of  its  crystals,  the  moyement  of  the  water  prerenting 
an  uniform  arrangement  of  parts.  The  ice  accumulates,  and  gradually  enve- 
lopes numerous  pebbles  and  other  substances,  and  will  rise  to  the  surfiice  with 
its  mineral  load  if  the  general  spedfic  gravity  of  the  whole  will  permit.  M. 
Lecleroq  has  observed  (**  Mdmoires  Couronn^s  par  TAcad^mie  de  Bruxelles," 
tom.  ziii.  1845)  that  the  ice  is  first  formed  upon  the  face  of  the  pebbles  or  other 
objects  opposed  to  the  current  of  water,  that  although  a  rapid  flow  of  water 
contributes  to  the  first  production  of  the  ice,  the  increase  of  ice  is  in  proportion 
as  the  movement  of  the  water  is  moderate,  the  extreme  cold  considerable,  and 
the  sky  dear. 
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various  situations^  according  to  conditions;  sometimes  frag- 
ments of  rock  being  carried  to,  and  accumulated  in,  situations 
where  the  ordinary  force  of  the  river  cannot  readily  dis- 
lodge them,  and  indeed  sometimes  be  altogether  insufficient 
for  the  purpose.  We  have  various  accounts  of  detritus  so 
borne  downwards  in  rivers  by  means  of  ice.  In  the  St  Law- 
rence there  would  appear  to  be  good  opportunities  of  studying 
the  transportal  of  mineral  matter  on  the  large  scale.  Captain 
Bayfield  has  pointed  out  that  there,  where  the  temperature 
in  winter  sometimes  descends  30^  below  zero  (Fahr.),  large 
boulders  are  entangled  in  the  ice,  and  carried  considerable 
distances  upon  the  surface  of  the  water  in  the  spring.  Shoals 
are  thickly  strewed  with  them.*  Conditions  being  favourable 
for  keeping  blocks  and  fragments  of  rock  in  the  lower  part  of 
the  river  ice,  thus  carried  onwards,  and  indeed  often  driven 
forwards  rapidly,  wherever  the  general  masses  grated  upon 
any  bottom,  over  which  they  could  be  forced  by  the  volume  of 
water  behind,  (and  heavy  piles  of  ice  sometimes  accumulate, 
obstructing  the  free  flow  of  the  waters),  much  scratching  and 
furrowing  would  be  expected,  according  to  the  relative  hardness 
of  the  rocks  passed  over  and  of  the  ice-borne  fragments,  to  the 
pressure  of  the  mass  of  ice  and  detritus,  and  to  the  velocity  with 
which  that  mass  may  be  driven  upon  the  rocky  ledge  or  shoal. 
Fragments  of  rock,  set  in  the  ice,  and  grating  against  vertical 
clifis  rising  from  comparatively  deep  water,  such  as  frequenUy 
occur  on  the  bends  of  rivers,  would  also  horizontally  scratch 
and  abrade  the  rocks,  according  to  their  relative  hardness,  the 
ordinary  river  action  not  removing  these  marks,  though  they 
may  become  obliterated  by  atmospheric  influences  at  lower 
states  of  the  river,  especially  where  the  cliff-rocks  were  com- 
posed of  somewhat  incoherent  materials.  Thus  while  some 
ice^-supported  boulders  and  fragment  of  rocks  were  grooving 
and  furrowing  the  horizontal  surface  of  a  ledge  of  rocks  at 
b  (fig.  95)i  and  otters,  encased  in  ice,  were  borne  down  the  river 
»t  the  same  time,  scratching  and  wearing  away  the  vertical 

lyfield,  **  Proceediugs  of  the  Geological  Society  of  London"  (1836),  vol.  ii.. 
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cliff  at  c,  another  collection  might  be  leaving  permanent  traces 
of  its  passage  upon  previously  ice-borne  boulders,  accumulated 
firom  local  causes  at  a. 

Fig.  95. 


It  is  interesting  for  an  observer  to  consider  that  by  such 
means  large  rounded  portions  of  rock,  with  minor  pebbles,  may 
thus  be  borne  towards  the  Gulf  of  St.  Lawrence,  and  be 
thrown  down,  after  being  scratched  in  their  passage  over  hard 
ledges  of  rock,  or  over  boulders  in  shallow  water,  in  situations 
where  such  marks  would  not  be  removed  by  any  attrition  to 
which  they  would  be  exposed  under  existing  circumstances, 
there  accumulating  with  finer  detritus,  even  mud  deposited  from 
water  in  which  it  had  been  held  in  ordhiary  mechanical  sus- 
pension. Thus  the  scratching  of  the  ledges  of  solid  rock  and 
heavy  stranded  boulders  in  shallow  situations  might  be  accom- 
plished, and  the  boulders  and  pebbles  by  which  this  was 
effected  be  themselves  often  also  scratched,  carried  onwards 
under  favourable  circumstances,  and  be  deposited,  with  these 
marks  still  upon  them,  amid  fine  sediment  in  depths  beyond  the 
reach  of  wave  or  breaker  action  for  the  attrition  necessary  to 
remove  such  scratches. 

The  great  rivers  of  Northern  Europe,  Asia,  and  America 
delivering  themselves  into  the  Arctic  Sea  (p.  161),  flowing  as 
they  do  ft*om  milder  into  colder  climates,  present  us  with 
the  conditions  for  the  formation  of  ice  sooner,  and  its  con- 
tinuance later  at  their  embouchures  than  towards  their 
origin.  The  effects  produced  are  especially  interesting,  inas- 
much as  when,  from  the  melting  of  the  snows  and  ice  on 
the  southward,  floods  are  produced,  these  meet  with  the 
obstruction  of  the  ice  towards  the  mouths  of  the  rivers.  In 
consequence,  it  not  unfrequently  occurs  that  the  resistance  of 
the  ice  being  suddenly  overcome,  it  is  violently  upheaved  and 
broken,  and  in  parts  thrown  aside,  with  any  masses,  or  minor 
fragments  of  rocks  attached  to  it.    Sir  Roderick  Murchison 
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has  pointed  out  the  banks  of  roek-fragments  tlms  produced 
on  the  sides  of  rivers  in  Russia,  and  especially  notices  the 
fluyiatile  ridges  of  angular  blocks  towards  the  mouth  of  the 
Dwina.  White  carboniferous  limestone  there  occurs  (about 
110  versts  from  Archangel),  and  the  waters  of  the  river 
entering  amid  its  chinks  and  joints,  separates  them  when 
frozen^  so  that  subsequently  they  are  entangled  in  the  ice 
adjoining  the  banks,  and  are  thus  carried  with  it.*  By  the 
sudden  rise  of  waters  thus  caused,  many  a  block  of  rock  must 
be  borne  over  low  ground,  stranded  on  shoal  water,  or  be 
occasionally  carried  seawards,  and  thrown  down  amid  fine 
sediment,  the  conditions  for  the  transport  of  which  out- 
wards would  be  increased  during  these  sudden  discharges  of 
water.  The  crashing  and  jamming  together  of  the  broken 
masses  of  ice  would  be  highly  favourable  to  the  scratching  and 
scoring  of  blocks  and  fragments  of  rocks  entangled  among 
them,  and  such  blocks  and  fragments  may  also  be  often  trans- 
ported to  situations  where,  under  existing  circumstances,  the 
markings  thus  produced  would  not  be  obliterated. 

When  we  consider  the  state  of  sea-coasts  in  those  regions 
where  the  temperatui^e  falls  sufficiently  low  during  a  part  of 
the  year  that  ice  is  formed  upon  them,  entering  amid  the  sub- 
stances of  which  they  are  composed,  and  binding  blocks  of 
rock,  shingles,  sand,  and  even  mud,  with  the  remains  of  any 
marine  animals  there  occurring,  into  one  solid  mass,  we  see 
that  when  the  warmer  season  in  such  regions  comes  round, 
mineral  matter  may  be  readily  removed  from  one  place  to 
another  upon  the  breaking  up  of  the  coast  ice. 

Upon  the  breaking  up  of  this  coast  ice,  which  sometimes 
rests  on  shallow  ground,  and  at  others  covers  deep  water,  we 
should   expect  much  grinding  of  the   masses  on  the  shore. 


•  Murchison,  "  Geology  of  Russia  in  Europe  and  the  Ural  Mountains,"  vol.  i., 
p.  567.  He  quotes  M.  Bohtlingk  as  noticing  large  granitic  boulders,  weighing 
several  tons,  entangled  in  the  branches  of  pine  trees,  30  or  40  feet  aboTe  the 
level  of  the  streams.  Speaking  of  blocks  of  rocks  ice-borne  down  rivers. 
Sir  Roderick  Murchison,  after  noticing  their  modes  of  transport  and  depo»t, 
remarks,  that  old  drift  from  the  north  may  thus  be  brought  back  to  the  north- 
ward by  the  rivers,  p.  565. 
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scratching  and  grooving  the  sides  of  cliffs  and  shallow  rocky 
bottoms,  when  shingles  or  other  fragments  of  rock  are  frozen 
into  the  ice,  so  as  to  be  brought  into  contact  with  the  one  or 
the  other.*  The  force  employed  would  appear  to  be  often 
very  considerable^  great  sheets  of  ice  being  set  in  motion, 
and  being  driven  with  tremendous  crashes  against  the  land, 
so  as  not  only  to  act  upon  shore  ice,  in  which  rock  frag- 
ments and  shingles  may  be  embedded,  thus  pressing  them 
heavily  against  bare  rocks,  but  also  forcing  beaches  before 
them,  grinding  the  pebbles  and  boulders  against  each  other, 
and  upon  exposed  rocks,  by  which  both  may  be  scored  and 
marked.  In  this  manner  friction  marks  may  be  produced, 
which  in  some  situations  may  not  be  very  readily  removed  by 
the  ordinary  rounding  and  smoothing  of  breaker  action. 

When  an  observer  studies  the  maps  and  charts  which  we  as 
yet  possess  of  the  northern  seas  of  AiQerica,  Europe,  and 
Asia,  he  will  find  enough  to  show  him  that  portions  of  beaches 
may  readily  be  removed  upon, the  breaking  up  of  ice  from 
the  coasts,  and  be  transported  to  other  situations,  where,  upon 
the  melting  of  that  ice,  they  may  be  thrown  down  in  depths 
amid  any  fine  detritus  there  accumulating.  Should  any  of 
their  component  pebbles  or  fragments  of  rock  have  been  so 
acted  upon  as  to  be  scratched  before  they  were  thrown 
down,  they  would  retain  those  marks  amid  the  fine  deposits 
in  such  depths.  As  ice  adheres  to  coasts  in  many  localities 
during  winter,  upon  which,  from  the  ordinary  action  of  the  sea  on 

♦  M.  Weibye,  of  Kragero,  is  quoted  by  M.  Frapolli  ("  Bulletin  dela  Society 
Gtologique  de  France,**  1847),  as  inferring,  respecting  the  marks  left  by  the 
block-and-shingle-bearing  ice  of  the  Scandinavian  coasts,  that  on  those  bordering 
the  sea  in  the  Bradsbergsamt,  **  the  scratches  and  furrows  on  horizontal,  or  nearly 
horizontal  surfaces,  take  a  direction  always  perpendicular  to  the  general  line  of 
coast  in  open  bays,  and  always  paraUel  to  the  range  of  the  channels  in  narrow 
iiordsy  that  the  horizontality  or  the  greater  or  less  inclination  of  the  scratches  on 
the  inclined  or  vertical  sur^ces  depends  on  the  relief  of  the  coasts  of  the  locality, 
and  always  corresponds  with  the  relief  and  with  the  action  of  the  different 
winds."  M.  Frapolli  himself  also  calls  attention  to  the  effects  of  coast  ice 
armed  with  blocks  and  pebbles  of  rock,  driven  about  in  numerous  fragments  by 
the  storms  of  winter  and  spring,  and  grinding  against  the  cliffs  of  Scandinavia, 
polishing  and  scratching  the  rocks  according  to  their  surfaces  and  position, 
the  cliiK  scratched  in  horizontal  lines  along  the  fiords  and  in  other  similar 
positions. 
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shores,  breakers  throw  whole  and  broken  shells  of  molluscs  and 
other  marine  animal  remains  during  the  summer,  these  remains 
would  be  liable  to  be  entangled  in  portions  of  beach  removed 
by  the  ice,  and  be  scattered  over  various  depths  of  water,  in 
the  same  manner  as  the  transported  mineral  matter,  and  thus 
the  remains  of  littoral  molluscs,  often  in  fragments,  may  be 
dispersed  amid  a  mixture  of  mud,  and  ice-borne  blocks,  and 
fragments  of  rock  accumulating  in  deep  water. 

In  tidal  seas  account  has  to  be  taken  of  the  movement  of  ice 
in  estuaries,  and  in  those  long  deep  loughs  or  arms  of  the  sea, 
in  Norway  termed  fiords^*  up  and  down  which  the  flood  and 
ebb  tides  are  felt  according  to  circumstances.  Coast  ice,  borne 
backwards  and  forwards  by  the  tide,  and  having  pebbles  and 
fragments  of  rock  so  set'  in  it  that  they  can  grind  upon  or 
against  bare  rocks,  spread  horizontally  or  rising  vertically,  or 
nearly  so,  in  the  estuaries  and  fiords,  could  scarcely  fail  to 
become  an  instrument  of  importance  in  the  scratching  and 
grooving  of  such  bare  rocks,  these  markings  being  also,  especi- 
ally in  the  case  of  the  cliffs,  not  easily  removeable.  This  action 
continuing  through  many  successive  ages,  certain  kinds  of  rocks 
might,  in  favourable  localities,  retain  marked  scratches  and 
grooves  thus  produced,  independently  of  the  influence  of  winds 
driving  the  fractured  coast  ice  about  against  lines  of  coast, 
upon  the  breaking  up  of  such  ice.  Fragments  of  ice  and  any 
mineral  matter  they  may  sustdn  are  thus  piled  up  at  the  bottom 
of  bays  or  in  shoal  water,  a  combination  of  a  heavy  on-shore 
gale  of  wind  and  a  spring  tide  leaving  many  a  fragment  of  rock 
in  a  situation  whence  it  could  not  readily  be  removed  under 
ordinary  circumstances. 

No  small  amount  of  rounded  boulders  and  pebbles  of  various 
sizes  may  thus  become  strewed  near  coasts,  or  be  mingled  be- 
neath deep  water  with  the  angular  fragments  which  have  either 


*  The  channels  which  divide  Tierra  del  Faego  into  its  many  islands,  and  the 
Straits  of  Magellan  separating  it  from  the  mainland  of  America,  with  the  rery 
numerous  indentations  and  channels  found  between  the  east  entrance  of  the 
Straits  of  Magellan  and  the  Gulf  of  Penas,  and  into  which  glaciers  often  de- 
scend, and  ice  floats  about,  would  appear  to  be  frequently  yery  deep  and  steep- 
sided.  In  mid-channel,  eastward  of  Cape  Forward,  Captain  King  found  uo 
bottom  in  the  Straits'of  Magellan  with  a  line  of  1536  feet 
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been  transported  by  icebergs,  broken  off  the  terminal  portions 
of  glaciers,  or  which  may  have  fallen  from  cli£&  upon  coast  ice, 
with  the  addition  even  of  the  remains  of  littoral  or  shallow 
water  molluscs,  or  of  other  marine  animals,  such  as  the  bones 
of  fish,  whales,  and  seals  carried  off  by  the  coast  ice.  A  good 
example  of  the  removal  of  a  block  of  rock  by  coast  ice,  so  far 
from  the  polar  regions  as  Denmark,  is  mentioned  by  Dr. 
Forchhammer,  who  states  that  one,  about  4  to  5  tons  in  weight, 
and  resting  on  the  shore,  was  encased  in  coast  ice  during  the 
winter  of  1844,  and  carried  out  to  sea  with  the  ice  in  the 
following  spring,  leaving,  as  it  moved  seaward,  a  deep  furrow 
in  the  sandy  clay  of  the  shore,  not  quite  obliterated  six  months 
afterwards.* 

As  modifying  the  accumulations  which  may  be  formed  on  the 
bottoms  of  seas  liable,  from  time  to  time,  and,  sometimes,  as  a 
whole,  periodically,  to  sustain  icebergs  grounded  upon  them, 
the  observer  has  to  bear  in  mind  that  not  only  may  the  ice- 
bergs, by  being  forced  against  banks,  jumble  together,  and  sin- 
gularly mingle  beds  of  clay  and  sand,  even  occasionally  adding 
transported  fragments  to  the  disturbed  mass,  but  also  act  as 
rocks  round  and  amid  which  streams  of  tide,  or  sea-currents, 
may  become  for  the  time  modified.  We  should  expect  this  to 
be  most  experienced  in  the  regions  where,  from  the  general  in- 
tensity of  the  cold,  the  icebergs  could  the  longest  remain.  Sir 
James  Ross  mentions  that  the  streams  of  tide  were  so  strong 
amid  grounded  icebergs  at  the  South  Shetlauds,  that  eddies 
were  produced  behind  them,t  so  that,  as  far  as  such  streams 


*  Forchhammer,  **  Bulletin  de  la  Soci^t^  G^ologiqne  de  France,"  1848.  He 
obeenrea,  respecting  the  transport  of  blocks  and  pebbles  on  the  coast  of  Den- 
mark by  coast  ice,  that  although  the  latter  envelopes  the  blocks  and  pebbles  on 
the  shore,  to  enable  these  to  be  borne  away,  it  is  necessary  that  the  thaw 
or  rapture  of  the  ice  should  coincide  with  a  rise  of  the  waters.  Respecting 
blocks  and  fragments  of  rock  borne  out  by  the  ice  from  the  Baltic,  by  means  of 
the  current  st^tting  through  the  Kattegat  in  the  spring.  Dr.  Forchhammer  men- 
tions that,  in  1844,  a  diver  found  the  remains  of  an  English  cutter,  blown  up 
during  the  bombardment  of  Copenhagen  in  1807,  ooyered  by  blocks,  some  of 
which  measured  from  six  to  eight  cubic  feet.  The  same  diver  affirmed  that  all 
the  wrecks  he  had  visited  in  the  roadstead  of  Copenhagen  were  more  or  less 
covered  by  rock  fragments. 

t  Ro«8,  "  Antarctic  Voyage." 


286  GENERAL  GEOLOGICAL  EFFECTS  OF  ICE. 

were  concerned,  they  acted  as  rocks.  Navigators  have  observed 
icebergs  sufficiently  long  aground  in  some  situations,  that  even 
mineral  matter  might  be  accumulated  at  their  bases  in  favour- 
able situations,  while  streams  of  tide  may  run  so  strongly 
between  others,  that  channels  might  be  cut  by  them  in  bottoms 
sufficiently  yielding,  and  at  depths  where  the  friction  of  these 
streams  could  be  experienced.  Much  modification  of  sea 
bottoms  might  be  thus  produged  by  grounded  icebergs,  not  for- 
getting  those  seasons  of  the  year  when  many  become  joined 
together  by  ordinary  sea  ice,  constituting  part  of  a  mass  to  be 
dealt  with  on  the  large  scale,  when  such  ice  is  broken  up. 
However  firm  the  icebergs  may,  like  so  many  anchors,  often 
tend  to  hold  the  main  mass,  it  is  not  difficult  to  conceive  that 
conditions  might  arise  by  which  many  were  dragged,  cutting 
and  ploughing  up  the  sea  bottoms  in  their  courses. 

Ice  thus  transports  portions  of  rocks,  either  in  the  shape  of 
glaciers,  descending  under  the  needful  conditions  in  various 
extra-tropical  regions,  or  as  floating  ice  down  rivers,  as  coast 
ice,  as  firagments  of  glaciers  descending  into  the  sea,  or  as 
masses  which,,  having  been  aground,  capsize,  and  bring  up  a 
portion  of  the  bottom  on  which  they  previously  rested.  Huge 
fragments  of  rock  are  by  these  means  moved  to  distances  fix>m 
their  parent  masses,  of  which  no  other  known  power,  now  in 
force  on  the  surface  of  our  globe,  appears  capable.  It  has  been 
seen  that  glaciers  increase  and  decrease  according  to  the  varia- 
tions of  the  climates  under  which  they  are  formed.  What  the 
amount  of  that  increase  and  decrease  may  be  under  the  con- 
ditions now  existing,  and  where  glaciers  have  been  noticed, 
seems  not  well  ascertained,  though  the  differences  in  their 
volume  and  extent  would  appear  to  have  been  greater  than  was 
once  supposed.  Be  that  as  it  may,  they  distribute  rock  frag- 
ments outwards  from  mountain  regions,  these  generally  angular, 
unless  ground  between  the  glacier  sides  and  bottom,  the  larger 
blocks  and  fragments  remaining  where  the  glaciers  left  them, 
while  minor  portions  and  finely  comminuted  mineral  matter  are 
^rown  into  the  torrents  and  rivers,  to  be  disposed  of  by  them 
cording  to  their  powers.  Biver  ice  may  carry  detritus  en- 
igled  in  it,  distributing  the  mineral  matter  over  areas  cor- 
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responding  with  their  courses,  and  which  may  be  sufficiently 
flooded  by  them,  transporting  many  a  block  and  fragment  which 
the  power  of  the  stream  could  not  otherwise  have  moved. 
With  the  exception  of  rock  fragments,  which  may  have  fallen 
from  clifis  overhanging  the  rivers,  and  not  afterwards  have  been 
rounded,  which  may  have  been  broken  up  from  the  sides  in 
the  manner  previously  noticed  (p.  282),  or  which  may  have  been 
left  by  some  prior  geological  condition  of  the  area,  we  should 
expect  much  of  the  detritus  borne  down  by  river  ice  to  be 
composed  of  the  ordinary  pebbles,  sand,  and  mud  of  river 
courses. 

The  sea  deals  with  any  ice-borne  detritus  received  from 
rivers,  or  from  tlie  coasts,  according  as  it  is  tideless  or  tidal, 
and  as  the  portions  into  which  these  are  carried  may  be  in 
movement  as  sea  and  ocean  currents,  or  the  ice  be  acted  on  by 
the  wind.  Looking  at  the  northern  regions,  where  rivers  of  suf- 
ficient importance  discharge  themselves^  carrying  ice  outwards, 
and  coast  ice  is  common,  it  may  be  anticipated  that  much  coast 
shingle,  with  rounded  river  pebbles,  lumps  of  the  frozen  mud, 
and  sands  of  estuaries,  the  occasional  remains  of  marine  ani- 
mals, and  now  and  then  those  of  terrestrial  animals,  suddenly 
swept  outwards  by  the  river  floods,  would  be  strewed  about 
upon  the  sea  bottom.  Many  a  bone  of  elephants,  rhinoceroses, 
and  other  animals,  imbedded  in  the  mud,  sand,  and  gravel,  of 
these  regions,  may  also,  after  having  been  washed  out  of  the 
beds  which  contained  them,  be  ice-borne  into  the  sea,  and  be 
mingled  with  remains  of  existing  animals.  To  these  may  be 
added  angular  fragments  carried  out  by  the  ice  of  rivers,  or 
borne  by  coast  ice  from  beneath  clifis  whence  such  fragments 
have  fallen  upon  it,  independently  of  those  carried  into  parts  of 
the  same  seas  by  icebergs  detached  from  the  terminal  part  of 
glaciers. 

Notwithstanding  the  Arctic  seas  are  so  shut  in  by  the  lands 
of  America  and  Asia,  a  comparatively  small  opening  (Behring's 
Strait)  only  occurring  between  them,  a  space  sufficiently  open 
exists  between  America  and  Em-ope,  notwithstanding  the  inter- 
ruption presented  by  Iceland,  to  permit  the  escape  outwards  of 
a  certain  portion  of  ice.     We  have  seen  that  over  the  bottom 
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of  part  of  the  North  Atlantic  blocks  and  fragments  of  rocks, 
with  minor  detritus,  are  now  being  strewed,  without  reference  to 
its  inequalities.  In  the  Antarctic  seas  very  different  conditions 
present  themselves.  Great  rivers,  bearing  ice-borne  blocks  and 
fragments  of  rocks,  with  minor  detritus,  are  not  found  The 
land,  now  commonly  supposed  to  occupy  so  large  an  area  in 
the  Soutii  Polar  regions,  supports  littie  else  than  water  in  its 
solid  farm,  and  the  coast,  for  the  most  part,  seems  so  encased 
by  huge  icy  barriers,  that  common  coast  ice  would  there 
appear  considerably  limited,  as  compared  with  the  arctic  re- 
gions, in  its  power  to  carry  off  rounded  boulders  and  shingles. 
Such  glaciers  as  reach  the  sea,  transporting  fragments  from  tiie 
inland  clifis  amid  which  they  may  move,  would  appear  the 
principal  agents  in  carrying  mineral  matter  directiy  from  the 
land,  allowing  for  a  portion  transported  by  coast  ice.  The  ice 
aground  off  Victoria  Land  would  nevertheless  appear  to  have 
the  power  of  transporting  much  detritus  when  broken  up  into 
icebergs  and  upset,  strewing  blocks  and  minor  fragments,  sand, 
and  mud,  over  a  part  of  the  Southern  Pacific,  The  South  Shet- 
lands.  South  Orkneys,  South  Georgia,  Sandwich  Land,  and  the 
lands  more  or  less  encased  with  ice  between  the  South  Shet- 
lands  and  Victoria  Land,  doubtless  also  contribute,  by  means 
of  glaciers,  coast  ice,  and  probably  also,  as  capsized  grounded 
ice,  blocks  and  fragments  of  rock  (some  rounded),  sand,  and 
mud,  to  the  bottom  of  the  Southern  Atiantic,  and  the  ocean 
southward  of  Africa  and  Australia.  The  southern  portion  of 
America  adds  its  glacier-borne  fragments,  and  thus,  both  on 
the  north  and  on  the  south,  portions  of  rocks,  formed  in  the 
colder,  are  ice-borne,  and  left  beneath  the  seas  of  the  more 
temperate  regions  of  the  earth. 

Such  being  the  geolo^cal  effects  now  due  to  ice,  it  becomes 
desirable  to  consider  those  which  would  probably  arise,  either 
from  a  general  diminution  of  temperature  on  the  surface  of  the 
globe,  or  from  partial  changes  of  that  temperature.  With  re- 
spect to  the  first  we  have  to  look  to  some  general  cause  common  to 
the  whole  globe.  Whatever  the  conditions  for  the  distributicm 
of  temperature  may  have  formerly  been,  we  see  that  the  influence 
of  the  sun  now  causes  the  heat  of  the  tropics,  and  the  different 
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exposure  of  the  polar  parts  of  the  earth's  surface  to  it,  the 
great  variations  of  seasons  there  experienced.  Any  changes 
of  sufficient  importance,  therefore,  in  the  influence  of  the  sun, 
which  should  produce  a  corresponding  change  on  the  face  of 
the  earth,  so  that  the  spheroidal  space  above  noticed  (p.  237), 
surrounding  which  water  remcuns  solid,  would  descend  lower 
towards  the  sea  in  the  equatorial;  and  cut  its  level  at  less 
high  latitudes  in  the  polar  regions,  would  materially  alter  the 
climates  of  many  parts  of  the  world.  Geological  effects  due 
to  ice  would  be  more  widely  spread  than  they  now  are,  and 
the  equatorial  space  within  which  ice-transported  masses  of  rock 
and  other  detritus  could  not  be  borne,  would  be  more  limited. 
Glaciers,  where  they  could  be  formed,  would  not  only  become 
more  extended  than  they  now  are  in  certain  mountainous  re- 
gions, but  ranges  of  mountains,  amid  which  they  do  not  at 
present  occur,  the  line  of  perpetual  snow  not  descending  suffi- 
ciently low,  would  contain  them;  so  that,  in  the  one  case, 
mineral  matter  would  be  distributed  by  them  over  a  wider 
area ;  and,  in  the  other,  over  districts  where  no  transportal  of 
the  kind  exists  at  the  present  time.  Fragments  angular,  sub- 
angular,  and  rounded,  would  be  distributed  by  river-ice  and 
coast-ice,  where  none  such  are  now  formed,  and  sea  bottoms 
would  then  be  strewed  over  by  them,  where  previously  nothing 
of  the  kind  had  been  carried.  Animal  and  vegetable  life  would 
be  adjusted  to  the  new  conditions  (that  adapted  to  the  colder 
climates  of  the  earth  moving  more  towards  the  equator),  its 
remains,  at  least  such  as  were  preserved,  spreading  over  those 
of  the  animals  and  plants  which  flourished  in  the  same  regions 
under  higher  temperatures. 

The  like  general  effects  would  be  expected  if,  without  sup- 
posing a  diminished  influence  of  the  sun,  our  whole  solar  sys- 
tem, moving  through  space,  should  pass  from  the  temperature 
now  inferred  to  be  that  of  the  portion  amid  which  that  system 
takes  its  course  (p.  238)  to  one  less  high.  And  it  may  well 
deserve  the  attention  of  the  geologist  to  con»der  the  effects 
which  would  follow  such  a  change,  even  to  the  amount  of  a 
few  degrees,  as  commonly  measured  by  thermometers.    In  his 

u 
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obseryatioDS  on  the  distribution  of  masses  of  rock,  apparently 
ice-borne  to  their  present  positions,  and  about  to  be  noticed, 
it  is  very  desirable  that  he  should  regard  the  subject  generally 
as  well  as  locally,  so  that  whatever  may  eventually  appear  the 
right  inference  to  be  drawn  from  the  facts  recorded,  such  as 
may  bear  upon  the  former  should  not  be  omitted  in  the  search 
for  the  latter.  As  regards  the  evidence  of  many  climates 
having  remained  much  the  same,  with  certain  modifications, 
during  those  comparatively  few  revolutions  of  our  planet  round 
the  sun,  of  which  we  have  any  records,  and  from  which  we 
may  infer  that  the  climates  generally  of  the  surfiice  of  the 
globe  have  not  suffered  material  alteration  since  the  historical 
period,  as  it  has  been  termed,  the  geological  observer  will  soon 
perceive  that  he  is  forced  to  consider  it  as  affording  liim  very 
limited  aid  in  his  inquiries  respecting  the  former  dimatal  con- 
ditions of  the  earth. 

The  present  diflerent  conditions  as  to  the  production  of  ice 
capable  of  transporting  mineral  matter,  in  the  manner  above 
noticed,  in  the  northern  and  southern  cold  re^ons  of  the  globe, 
are  suflScient  to  prove  that  partial  changes  of  great  importance 
may  arise  from  differences  on  the  surface  of  the  earth  itself. 
Every-day  experience  in  geological  research  will  show  the  ob- 
server that  he  has  to  consider  the  surface  of  the  earth  to  have 
been  in  an  imquiet  state  from  remote  geological  times  to  the 
present,  and  that  while  he  so  often  stands,  amid  stratified  de- 
posits, on  ancient  sea  bottoms  now  elevated  to  various  altitudes 
above  the  ocean  level,  many  a  region  shows  that  its  area  has  more 
than  once  been  beneath  that  level  and  above  it  Thus,  although 
a  mass  of  land  may  now  rise  above  the  sea-level  at  the  South 
Pole,  separated  by  a  broad  band  of  ocean  from  other  great 
masses  of  land  to  the  northward,  producing  oertiun  efiects  as 
regards  the  climate  of  that  part  of  the  globe,  and  the  northern 
polar  regions  are  otherwise  drcumstanced,  it  by  no  means 
follows  that  such  has  always  been  the  case,  even  in  more  recent 
geoloj^cal  times.  If  we  diange  the  conditions  of  the  two  polar 
regions,  a  difference  of  results  is  obtained  of  an  important 
geological  character.    Mr.  Darwin  has  skilfully  touched  upon 
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the  effects  which  would  follow  such  a  modification  of  condi- 
tioDS,  and  which  require  to  be  borne  in  mind  in  researches  of 
this  kind.* 

In  like  manner  any  elevation  or  depression  of  a  considerable 
area  of  dry  land,  which  should  raise  parts  of  it  above,  or  lower 
others,  now  above,  beneath  the  line  of  perpetual  snow,  would 
produce  modifications  in  the  transportal  of  mineral  matter' 
whidi  could  be  effected  by  ice.  If  the  region  comprising  the 
Alps  was  raised  3000 'feet  above  its  present  relative  level,  the 
area  fitted  for  the  formation  of  gladers  would  be  greatly  ex- 
tended, many  a  valley  would  be  filled  with  ice,  and  many  a 
mountain  would  contribute  its  glacier,  not  so  filled  or  contri- 

*  He  transports,  in  imsgination,  parts  of  the  soathem  region  to  a  corre* 
sponding  latitode  in  the  north.  **  On  this  supposition,"  he  observes,  "  in  the 
soathem  proTinoes  of  France,  magnificent  forests,  intwined  by  arborescent 
grasses,  and  the  trees  loaded  with  parasitical  plants,  woold  cover  the  Hot  of  the 
oonntiy.  In  the  ladtnde  of  Mont  Blanc,  bat  on  an  island  as  hr  eastward  as 
Central  Siberia,  tree-ferns  and  parasidcal  orchidese,  woald  thrive  amidst  the 
thick  woods.  Even  as  fhr  north  as  Central  Denmark,  humming-birds  might 
be  seen  fluttering  aboat  delicate  flowers,  and  parrots  feeding  amidst  the  ever^ 
green  woods,  with  which  the  mountains  would  be  clothed  down  to  the  water's 
edge.  Nevertheless,  the  soathem  part  of  Scotland  (only  removed  twice  as  flir 
to  the  eastward)  would  present  an  island  **  almost  wholly  covered  with  ever- 
lasting snow,  and  having  each  bay  terminated  by  ice-di^,  flrom  which  great 
manes  yearly  detached,  would  sometimes  bear  with  them  fhigments  of  rock. 
This  isUnd  would  only  boast  of  one  land-bird,  a  little  grass,  and  moss;  yet, 
in  the  same  latitode,  the  sea  might  swarm  with  living  creatures.  A  chain  of 
noontains,  which  we  wiU  call  the  CordiUera,  running  north  and  south  through 
tfie  Alps  (bat  having  an  altitude  much  inferior  to  the  latter),  would  connect 
them  with  the  central  part  of  Denmaric.  Along  this  whole  line  nearly  every 
deep  soond  would  end  in  *  bold  and  astonishing  glaciers.'  In  the  Alps  them- 
selves (with  their  altitude  reduced  by  about  half),  we  should  find  prooft  of 
recent  elevations,  and  occasionally  terrible  earthquakes  would  cause  such 
masses  of  ice  to  be  precipitated  into  the  sea,  that  waves>  tearing  all  before  them, 
woold  heap  together  enormoos  fhigments,  and  pile  them  up  in  the  comer  of  the 
valleys.  At  other  times,  icebergs,  charged  with  no  inconsiderable  blocks  of 
granite,  would  be  floated  from  the  flanks  of  Mont  Blanc,  and  then  stranded  in 
the  ootlyiag  islands  of  the  Jura.  Who^  then,  will  deny  the  possibility  of  these 
things  having  taken  place  in  Europe  during  a  former  period,  and  under  clrcum* 
stances  known  to  be  different  from  the  present,  when,  on  merely  looking  to  the 
other  hemisphere,  we  see  they  are  under  the  daily  order  of  events  T*  Mr.  Dar- 
win then  ci^ls  attention  to  the  island  groups,  **  situated  in  the  latitude  of  the 
sooth  part  of  Norway,  and  others  in  that  of  Ferroe.  These,  in  the  middle  of 
summer,  would  be  buried  under  snow,  and  surroanded  by  walls  of  ice,  so  that 
scarcely  a  living  thing  of  any  kind  would  be  supported  on  the  land." — Narra* 
tive  of  the  Surveying  Voyages  of  the  Adventure  and  Beagle,  vol.  iii.  p.  291. 
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bating  at  the  present  moment.  Blocks  and  minor  fragments 
of  rocks  would  be  ice-borne  over,  and  left  at  distances  frt)m 
the  main  range  not  now  attained  ;  and,  under  the  supposition 
of  a  gradual  rise  of  land,  many  modifications  would  attend  the 
change  in  the  perpetual  snow  line,  whence  the  glaciers  for  the 
time  took  their  rise.  Many  a  ravine  and  mountain  side  would 
be  grooved  and  scratched  not  now  touched  by  glaciers,  and 
huge  masses  of  rock  be  accumulated  in  heaps  or  lines,  in  locali- 
ties where  no  ice  now  transports  such  masses.  Assuming  a 
depression  of  the  same  area,  if  we  take  the  present  relative 
levels  only  into  consideration,  the  transport  of  glacier-borne 
blocks  and  fragments  of  rock,  with  the  polishing,  grooving, 
and  scratching  of  valleys  and  their  sides  by  the  moving  ice, 
would  be  limited  to  the  areas  now  occupied  by  glaciers,  duly 
allowing  for  their  extension  and  contraction  within  the  range 
of  the  present  climatal  conditions. 

Thus,  by  the  elevation  and  depression  of  large  areas  of  dry 
land  very  varied  conditions  for  the  existence,  extension,  or 
contraction  of  glaciers,  with  their  geological  consequences, 
may  arise  without  reference  to  tiiose  due  to  floating  ice,  ex- 
cepting such  as  could  be  formed  in  great  lakes,  such  as  that 
of  Geneva,  for  example,  where  effects  similar  to  those  observed 
in  northern  America  would  be  produced.  On  the  shores  of 
such  lakes  coast  ice  would  be  formed^  inclosing  fragments  of 
the  rocks  and  the  shingles  of  beaches,  to  be  borne  away,  should 
circumstances  permit,  if  raised  to  an  altitude  permitting  a 
depression  of  temperature  sufficient  for  the  production  of  such 
ice.  There  is  also  no  difficulty  in  imagining  conditions  under 
which  glaciers  could  protrude  into  large  fresh-water  lakes, 
carrying  rock  fragments  with  them,  and  having  their  extremi- 
ties broken  off  and  floated  away  with  their  detrital  loads,  under 
proper  depths  of  water,  as  now  takes  place  in  the  sea  in  the 
polar  regions.  Such  masses  of  ice,  though  not  moved  onwards 
by  streams  of  tide  or  ocean  currents,  would  still  be  under  the 
influence  of  the  winds,  to  be  driven  to,  and  stranded  in  minor 
deptiis,  where  the  ice  could  melt,  and  leave  any  blocks  or  frag- 
ments entangled  in  or  resting  upon  them. 

With  respect  to  the  distribution  of  ice-borne  blocks  of  rock 
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upon  lakes,  Sir  Roderick  Murchison  has  called  attention  to 
effects  which  would  follow  the  lowering  of  lakes  in  regions 
where  ice  could  be  formed  of  sufficient  thickness  and  import- 
ance for  the  transportal  of  detritus.* 

When  the  depression  of  an  area  of  dry  land,  with  the  need- 
ful modifications  of  surfisu^e,  in  climates  where  glaciers  had 
been  formed,  is  such  that  the  sea  enters  amid  the  valleys  in 
which  these  streams  of  ice  occurred,  the  change  may  or  may 
not,  according  to  the  general  climatal  conditions  produced, 
aflfect  the  glaciers.  Should  the  change  in  the  northern  be  of 
an  order  to  introduce  the  climate  of  the  southern  hemisphere, 
it  has  been  above  seen  (p.  276),  the  cold  might  be  so  increased, 
that  Alpine  glaciers  would  become  more  extended,  delivering 
icebergs  into  surrounding  seas,  so  that,  as  Mr.  Darwin  has  re- 
marked (note,  p.  291),  they  might  float  away,  and  be  stranded 
on  the  Jura,  then  an  island  range. 

Hitherto  we  have  regarded  these  alterations  of  level  as 
slowly  produced,  so  that  the  chaises,  of  whatever  kmd,  were 
gradual,  causing  no  sudden  alteration  of  conditions.  This, 
however,  is  far  from  necessary  in  geological  reasoning,  there 
being  eridence  connected  not  only  with  actual  mountain 
nmg^,  but  also  with  many  a  district  wherein  the  rocks  are 
broken  and  contorted,  which  would  lead  us  to  infer,  with  every 
allowance  for  the  repeated  effects  resulting  from  the  multiplied 
application  of  minor  forces,  that  considerable  forces  had  often 
been  somewhat  suddenly  called  into  action.  The  waves  pro- 
duced during  the  disturbances  of  the  land,  known  to  us  as 
earthquakes,  and  which  will  be  noticed  hereafter,  are  sufficient 
to  show  how,  in  that  mode  alone,  glaciers,  protruding  into  the 
sea,  or  great  lakes  of  fresh  water,  may  be  liftied  at  their  ends, 
and  tiieir  fragments,  with  any  load  of  detritus  they  may  sus- 
tain, whirled  about  and  stranded  in  unusual  situations.  Greater 
waves  would  produce  greater  results,  and  when  we  unite  them 
with  land  suddenly  depressed  beneath  the  sea-level,  even  only 
a  few  hundred  feet,  in  such  regions  as  those  of  Victoria  Land 
and  South  Greoi^a,  or  of  Greenland  and  Iceland,  we  have  the 


*  **  Geology  of  BuMia  in  Europe  and  tlie  Ural  Moontains,"  vol.  L  p.  568. 
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means  of  removing  ice  and  producing  a  complicated  mixture  of 
blocks  and  minor  fragments  of  rock  of  great  geological  import- 
ance. In  like  manner,  the  sudden  elevation  of  land,  covered 
by  snow  and  glaciers,  if  accompanied  by  the  transmission  of 
heat  through  fissures  then  formed,  or  by  the  increased  tempe- 
rature of  the  supporting  mineral  matter  from  the  protrusion 
of  igneous  rocks  among  it,  so  that  the  snow  and  ice  were 
suddenly  and  in  part  melted,  would  be  productive  of  no  sli^t 
geological  efiect,  more  especially  if  the  glaciers  of  the  land  so 
acted  upon  protruded,  or  nearly  so,  into  the  sea. 

Huge  blocks  of  rock,  often:  angular,  are  found  scattered  in 
such  a  manner  over  parts  of  the  northern  portions  of  Europe 
and  America,  and  again  in  part  of  South  America,  and  amid 
and  around  mountidnous  regions,  such  as  the  Alps,  that,  com- 
paring their  mode  of  distribution  with  that  now  known  to  be 
taking  place  by  means  of  ice,  attention  has  of  late  been  very 
generally  given  to  this  explanation  of  their  mode  of  occur- 
rence. The  masses  of  rock  so  found  are  commonly  termed 
Erratic  Blocks,  and  correct  observations  respecting  the  condi- 
tions under  which  they  are  foimd  are  material  to  a  right  un- 
derstanding, particularly  as  respects  the  northern  hemisphere, 
of  the  manner  m  which  they  have  been  accumulated. 

As  there  are  occasionally  blocks  of  rocks  scattered  over  a 
country,  which  are  merely  portions  of  some  harder  beds,  in- 
terstratified  with  more  yielding  substances,  or  are  the  remains 
of  dykes  and  veins  of  igneous  rocks,  the  continuity  jEind  mode 
of  occurrence  of  which  may  not  be  clear,  the  more  readily 
disintegrated  rocks  having  been  removed  by  the  effects  of 
atmospheric  influences,  or  breaker  action  at  some  prior  geo- 
logical time,  the  observer  has  in  some  districts  to  employ 
much  caution  as  respects  their  origin.  This  is  especially 
needed  where  the  dykes  or  veins  of  tiie  igneous  rocks  may 
have  decomposed,  as  often  happens,  in  an  irregular  manner, 
so  that  portions  of  the  more  unyielding,  or  harder  parts,  are 
scattered  about,  while  traces  of  the  softer  are  not  easily  found. 
From  the  liability  of  certain  igneous  rocks  to  decompose  in 
spheroidal  forms  (fig.  2,  p.  3,  and  fig.  7,  p.  10)  such  blocks 
will  sometimes  present  the  false  appearance  of  having  been 
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roonded  by  attrition,  as  if  worn  on  some  coast    Let,  for  iUuB< 

tration,  a,  i,  be  a  dyke  of  greenstone,  liable  to  nneqnal  decom- 

ng.  96. 


potation  in  difierent  parte,  at  a  decompoeed  in  epheroidal 
portions,  then  during  the  loss  of  general  snr&ce  upon  tiie  hill 
side  e/,  the  harder  parte  of  the  disintegrated  portion,  a  e,  might 
bll  over  towards  ^  and  present  the  appearance  of  ronnded 
honldere  of  greenstone  resting  upon  some  other  rock.  Again* 
<Ki  the  other  rade  of  the  lull,  fff,  there  mi^t  also  be  angular 
fragmente  of  rock,  k  A,  detached  from  the  harder  beds  above 
them,  during  a  loss  of  matter  {mm  an  old  sur&ce,  fk.  This 
kind  of  precaution  has  frequently  to  be  taken  in  granitic  re^ons, 
the  blocks  of  granite  often  decomposing  in  a  rounded  form,  so 
as,  when  scattered  about  amid  bogs,  and  much  diaint^rated 
rock,  to  present  the  appearance  of  boulders  ronnded  by  attri- 
tion. 

Iliis  dispodtion  to  decompose  in  spheroidal  forms  has  also 
to  be  sometimes  well  considered  when  it  is  inferred  that  such 
rocks,  even  when  they  are  true  erratic  blocks,  have  be^i 
rounded  by  attrition  before  they  were  ice-transported.  A  block 
of  granite,  for  example,  such  as  that  represonted  beneath,  a, 
(fig.  97),  though  now  rounded,  may  have  been  transported  in 

Tig.  97. 


a  more  angular  condition,  the  removal  of  the  ooguUr  parte 
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havbg  been  effected  by  decomposition,  from  atmospheric  in- 
fluences, since  it  occupied  its  present  position.  In  this  manner, 
rounded  blocks  of  granite  may  be  scattered  down  a  mountain  side, 
as  in  the  following  section  (fig.  98),  where  granite,  c,  riang  in  a 

Fig.  98. 


tor,  dj  above  certain  stratified  depodts,  ft,  has  fallen  in  blocks, 
down  the  slope,  a  lai^e  rounded  block  presenting  itself  at  a. 
Although  it  may  have  so  luqppened  that  such  a  state  of  thingB 
had  been  brought  about  by  tiie  motion  of  a  glader,  leaving 
lateral  moraines  (other  fitting  conditions  obtaining),  or  by 
coast  ice  carrying  blocks  of  rock,  it  still  becomes  needful  to 
ascertain  that  such  are  not  blocks  &llen  from  the  heights,  and 
simply  rounded  by  decomposition,  which  a  careful  examination 
of  the  granite  at  d,  would  aid  in  showing. 

As  under  |he  hypothesis  of  cold  baring  once  prevailed  in 
the  northern  hemisphere,  greater  than  at  present,  much  of  the 
land  then  submerged  is  now  raised  above  the  level  of  the  sea, 
and  consequently  an  upward  movement  of  a  large  portion  of 
northern  Europe,  Asia,  and  America  inferred,  it  becomes  of 
no  slight  interest  to  see  how  hx  ice,  in  its  various  modes  of 
occurrence,  could  be  the  means  of  produdng  tiie  distribution 
of  the  rock  fragments,  often  of  great  magnitude^  there  found. 
Assuming  the  submergence,  it  becomes  desirable  to  see  if  its 
amount  can  be  ascertained.  There  is  always  tiie  difiiculty  of 
knowing  how  much  portions  of  rock,  of  various  sizes,  may 
have  been  rounded  and  left  on  Coasts  and  in  river  courses  over 
the  older  accumulations,  anterior  to  this  supposed  ice  or 
glacial  period  in  the  northern  hemisphere.  Giving  this,  how- 
ever, its  full  value,  we  should  expect,  as  the  land  rose  and  the 
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temperature  became  gradually  elevated  to  that  which  we  now 
find,  that,  under  certain  favourable  circumstances,  glaciers 
which  were  previously  cut  ofi^  by  the  sea,  floating  away  their 
terminal  portions,  might  for  a  time  become  more  extended  over 
dry  land,  thrusting  forward  their  morames  further  tiian  for- 
merly. Thus  the  levels  at  which  the  remains  of  true  terminal 
moraines  could  be  found,  might  not  give  the  amount  of  sub* 
mergence  sought,  even  supposing  that  they  could  be  fiiirly 
separated  from  other  accumulations  of  rocks  which  they  may 
more  or  less  resemble.  Coast  accumulations  of  the  time,  if 
they  could  be  traced,  would  be  more  certain  guides. 

Still  assuming  a  gradual  disappearance  of  ice,  up  to  the 
amount  now  found  in  the  northern  regions,  and  consequently 
the  entire  disappearance  of  many  glaciers  on  lands,  such  for 
example,  as  in  the  British  islands,  where  they  are  supposed  to 
have  occurred  at  the  glacial  period,  the  various  moraines, 
as  also  the  polished  surfaces,  grooves,  and  scratches  formed  by 
the  glaciers,  would  be  gradually  left  to  be  dealt  with  by  atmo- 
spheric influences,  and  the  modifications  and  changes  brought 
about  by  them,  vegetation  spreading  over  the  land  as  tiie 
snow  and  ice  disappeared. 

The  land  rising,  and  the  deeper  parts  becoming  more 
shallow,  mud,  previously  beyond  tiie  action  of  the  wind-waves 
moving  on  tiie  sur&ce,  would  be  caught  up  in  mechanical  sus- 
pension, to  be  carried  to  more  quiet  situations  by  streams  of 
tide  (in  tidal  seas),  or  sea  currents,  where  these  began  to  act. 
Tie  same  with  the  other  portions  of  the  sea  bottom :  fragments 
of  rock,  of  various  forms  and  sizes,  thrown  down  from  portions 
of  glaciers,  river  ice,  and  coast  ice,  as  they  floated  above  and 
gradually  parted  with  them,  riang  with  the  rest  While  much 
fine  sediment  would  be  separated  from  the  larger  detritus, 
as  the  wind-wave  action  became  more  and  more  felt,  so  that 
much  of  this  sediment  might  be  removed  frt>m  amid  the  larger 
detritus,  brinpng  the  portions  of  the  latter  gradually  into 
closer  contact,  it  would  be  when  the  sea  bottom  came  within 
the  action  of  the  breakers,  that  the  chief  modifications  of  such 
previous  sea  bottom  would  be  effected.  The  new  coasts  would 
be  adjusted  to  the  conditions  arising  from  their  exposure  to 
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the  force  of  the  breakers,  and  the  rise  and  fiiU  of  tides,  where 
these  were  felt,  and  the  angular  fragments  which  had  reposed 
quietly  at  the  bottom,  in  the  manner  above  noticed  (p.  261), 
would  be  brought  within  the  action  of  the  breakers,  to  be 
rounded  by  attrition,  large  blocks  standing  out  as  many  rocks 
now  do  on  the  sea-K^oasts.  While  previously  ice*bome  and 
rounded  blocks  and  shingles  would  again  be  more  worn,  the 
angular  fragments  would  be  more  or  less  rounded  by  the  same 
action,  according  to  their  exposure  to  the  breakers.  Lines  of 
beach  would  be  thrown  up  in  the  usual  manner,  sandy  or 
shingly  according  to  circumstances,  and  be  left  and  be  modi- 
fied by  atmospheric  influences  as  the  land  rose,  and  the 
drainage  of  the  old  sea  bottom  became  adjusted  to  its  yarioos 
levels  and  inequalities  of  surface. 

Under  such  circumstances,  very  variable  results  would  be 
produced  as  conditions  changed,  and  the  component  portions 
of  the  old  sea  bottom  were  partly  removed  and  partly  left ; 
dispersed  ice-borne  fragments  of  rock,  rounded  or  angular  as 
the  case  may  have  been,  brought  together,  the  angles  of  the 
latter  sometimes  completely  rounded  by  breaker  action,  at 
others  not  much  injured;  the  shells  of  molluscs  and  the 
harder  parts  of  other  marine  animals  sometimes  removed  and 
redeposited  in  a  nearly  uninjured  state,  at  others,  broken  into 
fragments,  and  variously  arranged  amid  the  new  ^ccumulaticKis 
of  mud,  sand,  shingles,  and  boulders.  Should  there  have  been 
a  tendency,  under  the  old  conditions  of  the  sea  bottom,  to 
have  glacier  ice,  loaded  with  rock  fragments,  or  coast  ice, 
bearing  away  shingles,  boulders,  and  also  angular  blocks 
floated  away  in  particular  directions,  dropping  their  mineral 
burdens  in  lines,  upon  that  bottom,  such  lines,  as  it  rose,  would 
be  preserved  according  to  circumstances.  However  separated 
large  blocks  might  be  by  any  other  deposits  efiected  during 
their  gradual  accumulation,  there  would  be  a  tendency  to  remove 
the  finer  sediment  from  among  them,  so  that  they  would  finally 
present  the  aspect  of  lines,  often,  when  the  blocks  were  very 
Tckly  thrown  down  from  the  ice,  forming  ridges.  Such  ridges 
uld,  however,  be  acted  upon  by  breakers  during  the  rise  of 
i  land,  so  that  detritus  might  be  strewed  upon  them  in  the 
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maimer  of  beaches,  and  thus  a  complicated  arrangement  of 
parts  be  produced. 

During  such  changes,  icebergs  derived  from  glaciers  would 
float  about  until  the  parent  gladers  either  disappeared  or 
became  separated  from  the  sea,  and  the  coast  ice  formed  would 
become  gradually  limited  in  its  production  up  to  its  present 
adjustment.  Various  new  modifications  would  arise  from  the 
formation  of  coast  ice,  as  also  from  river  ice,  as  the  dramage 
of  the  old  land  found  its  way  amid  the  new  land,  with  the 
rain  and  spring  waters  of  the  latter,  to  the  sea.  Many  blocks  of 
rock  would  be  caught  up  on  the  coast,  and  be  transported  else- 
where, as  was  the  case  with  the  block  on  the  coast  of  Denmark 
mentioned  by  Professor  Forchhammer  (p.  285),  and  rivers  flow- 
ing in  certain  directions  might  carry  back  blocks  of  rock  towards 
their  parent  masses,  as  noticed  by  Sir  Roderick  Murchison* 
in  the  manner  that  blocks  are  now  moved  northwards  by  the 
Volkof  and  Msta. 

Under  the  hypothesb,  therefore,  of  lower  temperature  ac- 
companied by  more  sea,  the  bottom  of  much  of  which  has  since 
become  dry  land  in  the  northern  hemisphere,  the  observer  has 
not  only  to  study  a  wide  range  of  country  for  evidence  of  the 
land  supposed  to  be  originally  above  the  water,  variously 
snow-clad,  and  furnishing  glaciers,  the  terminal  parts  of  which, 
from  time  to  time,  floated  away,  with  the  coast  ice  and  ex- 
tension probably  of  ice  barriers,  but  also  the  modifications 
which  the  old  sea  bottom  has  undergone  in  its  rise  above  the 
sea.  Thus  he  would  often  have  to  separate,  and  duly  weigh, 
much  evidence  which  might,  at  first,  appear  somewhat  contra- 
dictory as  to  erratic  blocks  having  been  transported  by  land 
ice  or  sea  ice — as  to  the  polishing,  grooving,  and  s(»*atching  of 
subjacent  rocks  by  the  one  or  the  other,  and  as  to  the  original 
arrangement  and  rearrangement  of  many  detrital  accumu- 
lations. 

It  may  be  instructive  for  the  observer  to  consider  the  efiects 
which  would  follow  the  submergence  of  the  British  Islands,  and 
of  an  adjoining  portion  of  France,  to  1000  feet  beneath  the 


*  **  Geology  of  Russia  iu  Earope  and  Uie  Ural  Moantauis,**  toI.  i^  p.  565. 
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level  of  the  seas  which  now  surround  and  adjoin  ihem.  And 
it  should  be  noticed  that  of  a  submergence  to  this,  and  even  a 
larger  amount  at  a  comparatively  recent  geological  period, 
there  would  appear  good  evidence.  A  glance  at  the  accom- 
panying map  (fig.  99),  which  represents  the  land  that  would, 
under  this  hypothesis,  be  above  water,  will  show  numerous 
islands  and  islets  variously  distributed.  The  largest  amount 
of  dry  land  would  be  found  in  Northern  Scotland^  and  be 
divided  into  two  main  portions  by  a  strait,  now  occupied  by 
the  low  ground  and  lakes  between  the  Murray  Iirth,  and 
Loch  Liunhe.  Off  these  principal  islands  there  would  be 
many  minor  islets,  chiefly  on  the  south  and  south-west.  In 
Soudiem  Scotiand  there  would  also  be  a  patch  of  dry  land, 
of  some  size,  and  in  Cumberland  and  Westmoreland  another ; 
while  a  somewhat  comparatively  large  island  would  extend,  in 
a  north  and  south  direction,  firom  Westmoreland  by  York- 
shire into  Derbyshire.  In  Wales  there  would  be  much  land 
above  the  level  of  the  sea,  with  many  detached  islets  there 
and  in  some  parts  of  England ;  among  them  the  tops  of  the 
Malvern  hills,  which  now  at  a  distance  present  so  much  the 
appearance  of  an  island.*  In  Ireland  there  would  be  nmne- 
rous  islets,  the  chief  island  being  formed  by  the  Wicklow 
mountains  and  their  continuation.  From  tiiem,  to  the  west- 
ward, many  islets  would  rise  above  the  sea.  As  a  whole,  the 
Irish  islets  would  be  principally  gathered  into  two  groups, 
one  on  the  north,  the  other  on  tiie  south. 

Taking  this  submergence,  witii  a  climate  resembling  that  of 
Tierra  del  Fuego  and  South  Georgia,  so  that  such  islands  as 
were  su£Bdentiy  high  were  snow-clad,  glaciers  would  descend 
into  the  valleys,  even  occasionally  reaching  the  sea,  their  terminal 
portions  loaded  with  blocks  and  fragments,  these  floated  oflT  by 
the  ice,  and  strewed  over  the  bottoms  of  the  neighbouring 

*  A  stady  of  the  Malvern  district  is  not  only  interesting  as  showing  how  long 

the  Malvern  hills  retained  their  insnlar  character  daring  the  emergence  of  the 

British  Islands  to  their  present  relative  level,  bat  also  as  regards  the  island 

state  of  the  same  hills  at  a  fiiur  more  remote  geological  period,  one  anterior  to 

he  accomalation  of  the  rocks  commonly  known  to  Bridsh  geologists  as  the 

few  Red  Sandstone.    A  detailed  accoant  of  this  district  is  given  by  Professor 

ohn  PhilUpi»  Memoirs  of  the  Geological  Sarvey  of  Great  Britain,  vol.  ii.  part  1 . 


FEET  UNDER  CONDmONS  OF  INCEBASED  COLD.       301 


302        BRITISH  ISLANDS  DEPRESSED  ONE  THOUSAND 

seaa  according  to  circomstances.  And  respecting  the  heights 
of  the  islands,  many  would  rise  to  sufficient  altitudes  for  these 
effects  to  be  produced,  Lugnaquilla  being  still  2039  feet  abore 
the  sea,  Ben  Nevis  3373  feet,  Skiddaw2022  feet,  and  Snowdon 
2571  feet.  If  to  this,  we  add  the  coast  ice,  with  its  effects  as 
above  noticed  (p.  282),  there  would  be  no  want  of  conditions  for 
the  distribution,  by  means  of  ice,  of  blocks  of  rock  of  various 
sizes  and  kinds,  and  of  fragments  of  all  forms  over  the  area 
now  presented  by  the  British  Islands,  at  various  levels  beneath 
tiiat  corresponding  with  an  altitude  of  1000  feet  above  the 
present  sea  level.  While  this  was  being  accomplished,  the 
formation  of  moraines,  and  the  polishing,  grooving,  and 
scratching  of  rocks,  through  the  instrumentality  of  glaciers, 
would  be  efiected  above  that  level,  up  to  altitudes  where 
glacier  action  of  that  kind  could  be  then  felt.  At  the  sea 
level,  and  at  such  depths  beneath  it  as  its  influence  could  be 
felt,  coast  ice  would  be  the  means  of  polishing,  grooving,  and 
scratching  rocks  exposed  to  its  action ;  icebergs  would  ground 
producing  their  efiects,  and  such  rivers  as  moved  rocks  by 
means  of  ice  would  add  their  ice-transported  detritus. 

A  submergence  of  the  British  Islands  to  1000  feet  beneath 
the  present  level — a  change  in  the  relative  level  of  sea  and 
land  which,  however  startling  it  may  be  to  those  unaccustomed 
to  geological  investigations,  the  observer  will  soon  learn  to 
consider  as  one  of  a  minor  kind, — could  scarcely  fsdl  to  be  ac- 
companied with  a  submergence  of  various  portions  of  Europe. 
It  is  not  needful  to  infer  that  the  relative  change  of  level  was 
of  equal  amount  through  a  very  considerable  area.  It  may 
have  been  greater  in  some  regions,  less  in  others ;  but  let  this 
have  been  as  it  may,  such  a  change  would  probably  bring 
about  a  very  material  difference  in  the  distribution  of  land 
and  sea,  as  we  now  find  it.  Among  other  modifications,  the 
Scandinavian  regions  would  be  brought  under  conditions  by 
which,  should  currents  permit,  blocks  and  fragments  of  rocks, 
>nd  of  various  sizes  and  forms,  could  be  borne  by  ice-bergs  or 

ast  ice,  and  be  distributed  over  the  bottoms  of  the  seas  then 
the  southward  of  them,  some  even  being  drifted  to  the 
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area  of  the  British  Islands,  mingling  here  and  there  with  their 
own  ice-distributed  detritus. 

In  sudi  changes,  not  only  has  the  obserrer  to  bear  ia  mind 
the  difiPerent  distribution  of  sea  and  land,  but  also  the  modifi- 
cation of  tidal  action  and  sea  currents  effected,  duly  giving 
attention  to  the  probable  extenoion  of  coast  ice,  eyen,  perhaps, 
sometimes  amounting  to  great  icy  barriers.  Though  some 
Talue  would  have  to  be  attached  to  the  influence  of  the  out- 
standing group  of  islands  and  islets  then  rising  above  tiie  area 
now  more  extensively  occupied  by  the  British  Islands,  the 
waves  of  the  Atlantic  would  roll  over  a  large  tract  now  form- 
ing a  portion  of  Northern  France,  with  Belgium,  Holland, 
Denmark,  Northern  Germany,  and  an  extended  area  in  Russia. 
The  conditions  producing  the  action  of  tiie  tides  surrounding 
the  British  Islands  being  changed,  others  would  arise  suited  to 
the  new  arrangement  of  land  and  sea,  and  many  a  mass  of  ice 
in  the  Scandinavian  regions,  so  long  as  it  rested  on  sea  bottoms, 
would  act  as  land  in  tiie  modification  of  tidal  streams  and  sea 
currents. 

How  fiu*  the  outlines  of  the  land  may  have  generally  resem- 
bled the  present  at  the  commencement  of  these  changes  it  would 
be  difficult  to  say,  since  many  modifications  have  been  pro- 
duced  while  such  changes  were  effected,  and  the  submergence 
may  have  commenced  when  more  land  was  above  the  sea 
level  than  at  present,  somewhat  more  corresponding  witii  the 
line  of  600  feet  now  beneath  tiie  sea,  around  the  British 
Islands,  as  in  the  plans,  fig.  65  (p.  105),  and  fig.  99  (p.  301). 
Taking,  however,  the  present  distribution  of  sea  and  land  as  a 
guide,  and  looldng  chiefly  to  the  production  of  ice,  (other  con- 
sequences of  submerging  and  emerging  land  being  reserved,  in 
a  great  measure,  for  subsequent  notice,)  we  have  to  consider 
an  increase  of  cold  on  the  one  side,  and  a  decrease  of  dry  land, 
accompanied  by  a  loss  of  height,  on  the  part  still  above  water, 
on  the  other.  For  convenience  we  may  regard  these  changes 
as  gradual,  the  modifications  arising  from  more  rapid  change 
being  readily  appreciated. 

The  gradual  increase  of  cold  would  tend  to  lower  the  line 
of  perpetual  snow  over  the  dry  land,  while  the  rate  of  its 
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descent  down  any  mountain  range  would  depend  upon  the  rate 
of  submergence  of  the  land.  They  might  balance  each  other. 
Should  the  rate  of  decrease  of  temperature  be  more  rapid  than 
would  be  compensated  by  the  submergence,  pre-existing 
glaciers  would  increase  even  during  the  descent  of  the  land, 
and  new  glaciers  would  establish  themselves  elsewhere  under 
the  needAil  conditions.  Assuming,  however;  the  continued 
increase  of  cold,  a  time  would  come,  even  if  the  pre-existing 
glaciers  did  not  much  increase  during  the  submergence  of  the 
land,  when  those  formed  in  Scandinavia  could  reach  the  sea,  as 
now  in  Greenland,  distributing  detritus  by  their  detached 
portions,  bearing  rock  fragments  to  the  adjacent  seas.  This 
might  also  have  been  the  case  with  the  portions  of  the  British 
Islands  then  above  water. 

Looking  to  other  portions  of  Europe  with  reference  to  this 
submergence  of  1000  feet,  or  thereabouts,  it  may  not  be  unin- 
struclive  to  consider  the  effects  of  the  cold  inferred  upon  the 
glaciers  of  such  regions  as  the  Alps,  and  the  establishment  of 
new  glaciers  in  other  mountainous  districts  where  the  needful 
conditions  may  have  been  produced.  In  the  Alps  the  glaciers 
would  increase,  as  they  now  do,  under  the  influence  of  certain 
seasons,  but  instead  of  that  decrease  which  brings  them  back  to 
a  certain  state  from  a  modification  of  the  seasons  in  another 
direction,  the  increase  would  continue,  an  extension  of  the  sea, 
from  the  Atlantic  being  not  unfavourable  for  this  purpose, 
independently  of  the  greater  cold  produced.  Under  such  cir- 
cumstances, glacier-borne  blocks  and  other  rock  fragments, 
which  would  have  been  left  in  many  a  locality,  or  carried 
forward  to  the  terminal  moraines,  would  continue  to  advance 
with  the  augmented  length  and  volume  of  the  gladers,  until 
they  were  finally  arrested  in  their  progress  by  the  conditions 
affecting  the  extent  of  the  glaciers  themselves.  If  the  observer 
will  study  the  occurrence  of  existing  glaciers  upon  maps  or 
models  of  the  Alps  and  adjoining  districts, **  he  will  perceive 

*  The  map  acoompanyiDg  Travels  in  the  Alps  of  Savoy,  &e.,  by  Professor 

'ames  Forbes,  upon  which  the  glaciers  of  the  districts  visited  are  very  carefully 

itered,  will  be  fbund  very  useful  fbr  this  purpose,  and  more  especially  with 

iferenoe  to  the  inferred  extennon  of  glaciers  down  the  valley  of  the  Khone  to 

iie  Jura, 
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that  the  outward  courses  of  existing  glaciers  would  be  greatly 
extended,  while  many  a  new  glacier  would  contribute  its  ice  to 
the  general  mass,  sometimes  carrying  its  own  moraines,  and  at 
others  modifying  the  courses  of  the  main  streams  of  ice  into 
which  it  might  merge.  With  a  change  of  temperature  and  of 
relative  level  of  sea  and  land,  which  should  bring  down  the 
altitude  of  the  present  line  of  perpetual  snow  in  the  Alps  to  that 
of  Chiloe  (between  4(P  to  43^  S.,  the  Alps  being  between  42^ 
and  47®  N.),  it  would  descend  about  2500  feet,  and  with  it 
the  neve  of  the  glaciers.  This  descent  of  the  snow-line  being 
supposed  gradual,  the  glaciers  would  advance  as  gradually,  and 
the  blocks  derived  firom  the  present  interior  portions  of  the  Alps 
would  be  moved  onwards  in  front  Let,  in  the  following  section, 
(fig.  100)  a,  bf  be  the  level  of  perpetual  snow,  in  a  range  of 

Fig,  100. 


mountains  amid  which  glaciers  are  formed,  </,  the  extension  of 
one  of  these  glaciers  under  any  given,  yet  needful,  conditions ;  c 
and  fj  mountains,  just  beneath  the  line  of  perpetual  snow.  If 
now  the  conditions  so  change  that  ^,  h  becomes  the  perpetual 
snow-line^  those  for  the  production  of  glaciers  continuing,  the 
supply  of  the  original  glacier  will  take  place  at  a  lower  level, 
while  the  ice  which  only  extended  to  c/,  would  be  forced  on- 
ward, on  the  same  principle  as  the  ordinary,  however  tempo- 
rary, increase  of  a  glacier  may  be  affected.  With  it  any  collec- 
tion of  blocks,  thrust  forward  in  the  usual  manner  to  A,  would 
be  moved  onward,  with  the  ice,  to  I,  and  possibly  to  m,  the 
proper  conditions  prevailing.  With  such  increase  a  collateral 
glacier  might  come  in  from  a  valley  o,  between  n  and  c,  per- 
haps the  extension  of  a  small  glacier  previously  formed  at  /;, 
or  altogether  new  ;  and  thus  blocks  and  glaciers  may  descend 
against  the  extension  of  the  main  glacier  to  m.  The  face  of 
the  Alps,  as  regards  snow  and  ice,  would  be  most  materially 
changed  by  a  descent  of  the  snow-line,  so  as  to  be  of  about 
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the  some  altitude  ae  Uiat  of  Chiloe,  and  a  further  decrease  of 
temperature  would  necesBarilj  still  further  extend  the  glaciers.* 

*  Regarding  tbe  eileneion  of  Alpine  glaciers  Irom  increased  cold,  amtiaued 
tliroagh  ft  certain  tUDouit  of  geological  lime,  the  elopes  over  which  they  maj 
ba  inferred  to  have  puwd  require  allention,  due  allowuice  b^g  made  for  the 
eflectt  which  would  ariie  from  the  supposed  greatlj  increased  volume  of  many 
glaciers.  As  connected  with  this  subject,  M.  £lie  de  BeaamonC  has  given 
(Note  mr  les  pentei  de  ]a  limite  supirienre  de  la  loue  erraliqne,  &c,  Annale* 
de«  Seienoes  Ofologiqnes,  IMS)  &e  following  table  for  the  upper  limit  of  the 
erratic  bladi  lone  of  die  valley  of  the  Rfaoae,  Ac-  :— 


Uartigny 

Playaa    .  . 
Martigny 

ChaseeroD  . 

Playan    .  . 

Chasaeron  . 

Piao-j-beaf  . 


Great  St.  Bernard    , 
Chuseron     .     . 

Hartigny       .     .     . 


Aeraen 

Playaa    

NivioftheOtKrAer   ... 

Grimser 

^jerel  of  tbe  Boches  Moutonu^., 


H.  Elie  de  Beaumont  remark)  that  he  does  cot  know  in  the  Alps  any  glacier 
Vich  moTce  through  any  eooNderable  extent,  such  as  a  league,  with  a  dope 
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The  observer  is  thus  required  to  weigh  well  the  conseqoeiices 
of  a  diminished  general  temperature  in  the  northern  regions, 
not  only  as  regards-  the  estabUshment  of  snows  and  ice  upon, 
and  around  portions  of  lands  now  free  from  them,  except  during 
winter,  but  also  the  extension  of  pre-existing  glaciers  at  the 
same  period. 

Assmning  «  depreesion  of  this  kind,  the  observer  has  to  take 
into  conaderatioD  the  rise  of  the  sea  bottom  to  the  present 
Earopeui  levels  of  sea  and  land,  accompanied  by  an  eleva- 
tioa  of  general  temperature  to  that  now  found.  As  the  land 
rose  beaches  would  be  left  in  various  situations,  showing  the 
different  alterations  of  the  relative  levels  of  sea  and  land. 
Should  condderable  pauses  in  the  elevation  of  the  land  have 
taken  place,  these  would  be  marked  by  lines  of  cliff,  where  the 
rocks  could  be  sufficiendy  worn  by  tbe  breakers.  The  produc- 
tion of  coast  ice  would  gradually  become  less,  so  that  its  for- 
mation would  ceaae  in  the  sontbem  lands,  and  the  glaciers 
generally  would  decrease,  leaving  their  lines  of  moraines, 
and  many  angular  blocks  of  rock,  perched  on  the  sides  of 
mountains,  as  in  the  following  sketch  {a,  b,  fig.  101),  at  altitudes 
corresponding  with  the  volumes  of  their  transporting  glaciers  at 
Fig.  101. 


the  periods  of  their  chief  extension  down  valleys,  where  o' 
a  remnant  of  socb  gladers  may  be  now  left  at  their  big] 
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extremities,  or  even,  as  in  the  British  Islands,  no  portion  of 
one  may  remain. 

The  land  continuing  to  rise,  not  only  wonld  the  previous  sea 
bottom,  with  its  varied  accumulations  (in  some  of  which  the 
remains  of  animal  life  would  be  entombed,  often  in  regular 
beds  of  sand,  silt,  and  mud),  be  brought  within  the  destructive 
influence  of  the  breakers,  as  above  noticed  (p.  297),  but  rivers 
also  would  begin  to  flow  amid  the  old  sea  bottom.  According 
to  circumstances,  such  rivers  would  present  varied  characters, 
and  some  would  carry  forward  ice-borne  detritus  to  tiie  sea,  or 
leave  it  on  their  courses,  as  it  might  happen,  until  only  certain 
of  them,  tiiose  now  possessing  the  needful  conditions,  so  trans- 
ported mineral  substances. 

From  tile  interest  which  has  been  excited  respecting  the 
transportal  of  erratic  works,  many  of  great  volume,  by  means 
of  ice,  a  mass  of  information  has  been  collected,  rendering  the 
submergence  of  a  large  portion  of  Northern  Europe,  Asia,  and 
America,  accompanied  by  a  considerable  depression  of  tem- 
perature, extremely  probable.  The  efiects  of  floating  ice  have 
for  a  long  time  engaged  attention.  Professor  Wrede,  of 
Berlin,  would  appear  to  have  been  among  the  first  to  account 
for  the  erratic  blocks  on  the  south  of  the  Baltic,  by  means  of 
floating  ice,  there  having  subsequently  been  a  change  of  level 
in  that  region,  by  which  the  sea  bottom  became  dry  land.* 
Sir  James  Hall  also  long  since  referred  to  floatuig  ice,  com- 
bined with  eartiiquake  waves,  as  a  means  of  transporting  erratic 
blocks  ;f  and  its  aid,  under  various  conditions,  has  been  sought 


*  Geognofitical  Researches  relatiye  to  the  Countries  on  the  Baltic,  and  par- 
ticulariy  to  the  Low  Lands  at  the  Mouth  of  the  Oder,  with  Observations  on  the 
gradual  change  of  the  Level  of  the  Sea  in  the  Northern  Hemisphere,  and  its 
physical  causes,  as  quoted  by  De  Luc,  Geological  Travels,  1810.  Professor 
Wrede  supposed  a  slow  change  in  the  centre  of  gravity  of  the  earth,  so  that  the 
waters  retreated  from  the  northern  hemisphere,  leaving  the  sea  bottom  dry, 
with  the  ice-borne  blocks  of  rock  upon  it.  He  calculated  the  ice  needed  to  float 
an  erratic  block,  estimated  to  weigh  490,000  lbs.,  occurring  at  the  mouth  of  the 
Oder. 

f  <*0n  the  Revolutions  of  the  Earth's  surface"  (1812),  Transactions  of  the 
Eoyal  Society  of  Edinburgh,  vol.  vii.,  p.  157.  After  noticing  the  removal  of  a 
block  of  rock  four  or  five  feet  diameter,  being  a  boundary  mark  between  two 
estates  on  the  shore  of  the  Murray  Frith,  by  the  tide,  while  encased  in  ice,  for 
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in  explanation  of  the  transportal  of  large  and  often  angular 
blocks  of  rock  from  their  parent  masses  to  considerable  dis- 
tances. Though  Prof.  Playfair  long  since  (1802)  pointed  out 
glaciers  as  having  been  the  means  of  carrying  erratic  blocks,* 
even  (in  1806)  inferring  that  those  on  the  Jura  may  have  been 
transported  by  the  extension  of  ancient  Alpine  glaciers  to  that 
range  of  mountains,  the  subject  engaged  no  great  attention  for 
some  time.  M.  Venetz  appears  to  have  been  the  first  who, 
having  had  occasion  to  study  glacier  movements,  subsequently 
(1821)  took  the  same  view  ;|  one  adopted  afterwards  (1835) 
by  M.  de  Charpentier,J  and  ftirther  extended  (in  1837)  by  M. 
Agassiz.§  The  subject  then  attracted  more  general  interest, 
especially  from  the  writings  of  M.  de  Charpentier  |1  and  M, 
Agassiz,^  and  the  consideration  of  the  effects  produced  by 
existing  glaciers  and  floating  ice,  with  the  probability  of  a 
colder  state  than  at  present  of  the  northern  portions  of  Europe, 
Asia,  and  America,  at  a  comparatively  recent  time,  now  form 
one  of  the  usual  objects  of  geological  investigation. 

Sr  Charles  Lyell  long  since  called  attention  to  the  distribu- 
tion of  blocks  and  minor  fragments  of  rock  over  the  sea  bottom 
by  means  of  icebergs,  and  to  the  manner  in  which  such  detritus 
would  be  found  scattered  over  various  levels,  if  this  sea 
bottom  were  upraised  and  formed  dry  land.**  Subsequently 
(in  1840)  after  noticing  the  action  of  drift  ice,  charged  with 

90  yards,  and  also  the  magnitude  and  effects  of  earthquakes,  he  asks,  respecting 
the  erratic  blocks  of  Northern  Europe,  if  both  combined  would  not  produce  the 
effects  required,  *'  the  natural  place  of  these  blocks  being  covered  perfectly  with 
ice,  in  the  state  best  calculated  for  fulfilling  the  office  here  assigned  it,"  p.  157. 
He  inferred  that  in  the  Alps  similar  waves,  assuming  the  fitting  conditions, 
would  wash  off  portions  of  glaciers  with  their  load  of  blocks. 

•  Playfair,  "  Illustrations  of  the  Huttonian  Theory,"  §.  849. 

f  Venetz,  "  Biblioth^ue  Uniyerselle  de  Geneve,"  tom.  zzi.,  p.  77»  and 
'*  Denkschrifteil  der  Schweizerischen  Gesellschaft ;"  1  Band,  Zurich,  1833. 

X  De  Charpentier,  Notice  sur  le  cause  probable  du  Transport  des  Blocs 
Erratiqnes  de  la  Suisse,  "  Annales  des  Mines,"  Sme  Series,  tom«  Tiii.,  1835. 

§  Agassis,  *' Address  before  the  HeWetic  Society  of  Natural  Sciences^  at 
Nenchatel,"  1837. 

II  **  Essai  sur  les  Glaciers  et  sur  le  Terrain  Erratique  du  Bassin  da  Rhone/* 
Lausanne,  1841. 

5  "Etudes  sur  les  Glaciers,"  1840. 

♦♦  "Principles  of  Geology,"  1832. 
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mudy  and  blocks  of  rocks,  he  pointed  out  the  manner  in  which 
floating  ice  may,  by  grounding  upon  coasts  or  banks,  so 
squeeze  the  upper  layers  of  mud,  sand,  and  gravel,  that  con- 
torted masses  of  these  layers  may  repose  upon  undisturbed 
and  horizontal  beds  beneath.*  It  was,  however,  in  conse- 
quence  of  a  visit  to  this  country  by  M.  Agassiz,  in  1840,  and 
upon  the  extension  of  his  views  respecting  glaciers  to  the 
British  Islands,!  that  the  former  existence  of  glaciers  in  them 
has  attracted  attention.  Numerous  facts  have  since  been  ad- 
duced in  support  of  this  opinion  by  Dr.  Buckland,  Sir  Charles 
Lyell,   Professor  James  Forbes,   Mr.  Darwin,  and  others.^ 

*  In  a  communication  on  the  Boolder  Formation  or  Drift,  and  associated 
fresh- water  deposits,  composing  the  mud  oliffii  of  Eastern  Norfolk,  *'  Proceedings 
of  the  Geological  Society  of  London  "  (January,  1840),  toI.  Ui.,  wherein  the 
contortions  obserTed  on  that  coast  are  thus  explained. 

f  In  the  "  Proceedings  of  the  Geological  Society  of  London,"  yol.  iii.,  p.  328 
(1840),  M.  Agassiz  has  given  a  summary  respecting  his  views  of  the  fbrmer 
existence  of  glaciers  in  the  British  Islands.  Ben  Nevis,  in  the  north  of  Scot- 
laud,  and  the  Grampians  in  Southern  Scotland,  are  considered  by  him  as  the 
great  centres  of  dispersion  of  erratic  blocks  by  glacier  ice  in  that  part  of  Great 
Britain.  He  pointed  out  the  mountains  of  Northumberland,  Westmoreland, 
Cumberland,  and  Wales,  as  well  as  those  of  Ayrshire,  Antrim,  Wicklow,  and 
the  West  of  Ireland,  as  also  centres  of  dispersion,  **  each  district  having  its 
peculiar  debris,  traceable  in  many  instances  to  the  parent  rock,  at  the  head  of 
the  valleys.  Hence,*'  observes  M.  Agassiz,  "it  is  plain  the  cause  of  the  trans- 
port must  be  sought  for  in  the  centre  of  the  mountain  ranges,  and  not  finom  a 
point  without  the  district"  The  Swedish  blocks  on  the  coast  of  England  do  not; 
he  conceives,  contradict  this  position,  as  he  adopts  the  opinion  that  they  may 
have  been  transported  by  floating  ice,*'  p.  329.  He  considered  that  the  best 
example  of  glacier  striated  rocks  in  Scotland  is  to  be  seen  at  Ballaholish. 

I  Dr.  Buckland  ('*  Proceedings  of  the  Geological  Sodety  of  London,"  vol.  iii. 
p.  332, 1840),  in  his  paper  **  On  the  Evidences  of  Glaciers  in  Scotland  and  the 
North  of  England,"  points  oat  localities  which  he  infers  show  the  remains  of 
moraines  near  Dumfries,  in  Aberdeenshire,  in  Forfarshire,  at  Taymonth,  Glen 
Cofield,  and  near  Callender,  with  evidences  of  ancient  glaciers  on  Sehiehallion, 
in  and  near  Strath  Earn,  and  near  Comrie ;  and  of  glacial  action  at  Stiriing  and 
Edinburgh.  He  also  mentions  moraines  in  Northnmberland,  the  evidence  of 
ancient  glaciers  in  Cumberland  and  Westmoreland,  and  the  dispersion  of  Shap 
Fell  granite  by  ice. 

In  his  address  to  the  Geological  Society  of  London,  as  its  President,  in 
Febmary,  1841,  Dr.  Buckland  gave  a  condensed  statement  of  the  progress  of 
investigations  on  this  subject  during  the  preceding  year,  one  in  which  the 
Glacial  Theory,"  was  so  much  considered. 

Dr.  Buckland  subsequentiy,  in  his  memoir  on  the  Glacia-Diluvial  Pbcene- 

na  in  Suowdouia,  and  the  adjacent  parts  of  North  Wales  (December  1841)^ 

Voceedings  of  the  Geological  Society,"  vol.  iii.  p.  579,  described  the  rounded 
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The  amount  of  submergence  at  this  period  has  been  variously 
estimated.     Mr.   Darwin  infers,   from    a    large   greenstone 

and  polished  surfaces,  often  accompanied  by  grooyes  and  scratches,  attributed 
to  glacier  action,  in  the  valleys  of  Conway,  of  the  Lln^y,  of  the  Ogwyn,  of 
the  Sciant,  and  of  Llanberis,  of  Gwyrfaiu  or  Forrhjd,  of  the  Nantel  or  Lyfui, 
and  of  the  Gwynant. 

Sir  Charles  Lyell,  in  his  paper  *'  On  the  Geological  Evidence  of  the  former 
existence  of  Glaciers  in  Forfarshire,"  stated  that  though,  for  several  years  he 
had  attributed  the  transportal  of  erratic  blocks,  and  the  curvature  and  oontor- 
tioDS  of  the  incoherent  strata  of  gravel  and  clay,  resting  upon  the  unatratified 
till,  to  drifting  ice,  he  had  found  difficulty  in  thus  accounting  for  certain  other 
facts  connected  with  the  subject,  until  Professor  Agassiz  extended  his  glacial 
theory  to  Scotland.  After  a  description  of  various  minor  districts,  Sir  Charles 
Lyell  observes,  *'  that  it  is  in  South  Georgia,  Kergnelen's  Land,  and  Sandwich 
Land,  we  must  look  for  the  nearest  approach  to  the  state  of  things  which  must 
have  existed  in  Scotland  during  the  glacial  epoch." 

Professor  James  Forbes,  in  his  **  Notes  on  the  Topography  and  Geology  of 
the  CuchuUen  Hills,  in  Skye,  and  the  traces  of  ancient  glaciers  which  they  pre- 
sent,**  (Edinburgh  New  Philosophical  Journal,  1846,  vol.  xl.,  p.  76),  points  out 
groovings  and  scratclungs  upon  polished  rocks  of  a  marked  kind.  He  observes, 
respecting  the  valley  of  Coruisk,  that  **the  snr&oes  of  hypersthene,  thus  planed 
or  evened,  present  systems  of  grooves  exactly  similar  to  those  so  much  insisted 
on  in  the  action  of  glaciers  on  subjacent  rocks,  and  as  evidence  of  glaciers  in 
parts  of  the  Alps  and  Jura,  where  they  are  now  awanting.  These  grooves  or 
striae  are  as  well  marked,  as  continuous,  and  as  strictly  parallel  to  what  I  have 
elsewhere  shown  to  be  the  necessary  course  of  a  tenacious  mass  of  ice  urged  by 
gravity  down  a  valley,  as  anywhere  in  the  Alps.  They  occur  in  high  vertical 
cliffs,  as  near  the  Pissevache ;  they  rise  against  opposing  promontories,  as  in 
the  Valley  of  Hasli ;  they  make  deep  channels  or  flutings  in  the  trough  of  the 
valley,  as  at  Pont  Pelissier,  near  Chamouni ;  and  as  at  Fee,  in  the  Valley  of 
Saas.  At  the  same  time  these  appearances  have  a  superior  limit,  above  which 
the  craggy  angular  forms  are  almost  exclusively  seen,  where  the  phenomena  of 
wearing  and  grooving  entirely  disappear.  In  short,"  adds  Professor  Forbes, 
'*  it  would  be  quite  impossible  to  find  in  the  Alps,  or  elsewhere,  these  phenomena 
(except  only  the  high  polish  which  the  rocks  here  do  not  admit  of)  in  greater 
perfection  dian  in  the  Valley  of  Coruisk."    Other  evidence  of  the  like  kind  is 

also  adduced. 

Mr.  Darwin,  in  his  '*  Notes  on  the  effects  produced  by  the  ancient  Glaciers  of 
Caernarvonshire,  and  on  the  Boulders  transported  by  floating  Ice"  (Philosophi- 
cal Magaxine,  1842,  vol.  xxi.  p.  180),  after  mentioning  the  labours  of  Dr.  Buck- 
land,  on  the  same  country,  and  that  Mr.  Trimmer  had  first  noticed  (Proceed- 
ings of  the  Geological  Society,  vol.  i.  p.  332,  1831)  the  sooring  and  scratching 
of  rocks  in  North  Wales,  adduces  additional  evidence  of  glacial  action  in  that 
district.  He  observes  that,  "  within  the  central  valleys  of  Snowdonia,  the 
boulders  appear  to  belong  entirely  to  the  rocks  of  the  country.  May  we  not 
conjecture,"  he  continues,  "  that  the  icebergs,  grating  over  the  sur&oe,  and  being 
lifted  up  and  down  with  the  tides,  shattered  and  pounded  the  soft  slate  rocks,  in 
the  same  manner  as  they  seem  to  have  contorted  the  sedimentary  beds  of  the 
eaft  cofl«t  of  England  (as  shown  by  Mr.  Lyell)  and  of  Tierra  del  Fuego  ?"  *  *  • 
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boulder  on  Ashley  Heath,  Staffordshire,  at  803  feet  above  the 
sea,  and  apparently  derived  from  Wales,  a  considerable  de- 
pression of  England  beneath  the  sea,  and  that  Scotland,  from 
other  data,  must  have  been  submerged  1,300  feet.*  Looking 
at  the  heights  to  which  gravels  extend  in  Wales,  often  appa- 
rently the  remains  of  masses  of  coast  shingles  and  sand,  a  like, 
if  not  a  greater  depression  beneath  the  present  sea  level  would 
be  there  required.  In  Ireland,  we  find  large  blocks  of  granite 
sometimes-  perched  on  the  heights,  aijiid  grooves  and  furrows 
on  the  surface  of  the  rocks  beneath,  at  altitudes  of  1000  feet 
and  more.  In  some  cases,  we  almost  seem  to  have  before  us  a 
portion  of  the  very  blocks  which  scratched  and  scored  the  sub- 
jacent rock-surfaces,  f 

Erratic  blocks,  occasionally  of  considerable  magnitude,  are 
found,  in  some  localities,  at  various  elevations  above  rocks  o 
their  kind,  and  from  which  they  are  considered  to  have  been 
detached.      Although   it  is   obvious  that   each  fragment  so 
detached  has  deprived  the  mass  of  rock  whence  it  has  been 

The  drifting  to  and  fro  and  grinding  of  nomeroas  icebergs  daring  long  periods 
near  sncoessive  uprising  coast  lines,  the  bottom  being  often  stirred  up,  and  fng" 
ments  of  rocks  dropped  on  it,  wiU  account  for  the  sloping  planes  of  nnstrati* 
fied  till,  occasionally  associated  with  beds  of  sand  and  gravel,  which  fringes  to 
the  west  and  north  the  great  Caernarvonshire  mountains.*'  Mr.  Darwin  farther 
remarks  (p.  186),  as  not  "probable,  from  the  low  level  of  the  chalk  formation 
in  Great  Britain,  that  rounded  chalk  flints  could  often  have  fiJlen  on  the  surface 
of  glaciers,  even  in  the  coldest  times.  I  infer  therefore,*'  he  continaea,  "  that 
such  pebbles  were  probably  inclosed  by  the  freezing  of  the  water  on  the  ancient 
sea-coasts.  We  have,  however,  the  clearest  proo&  of  the  existence  of  glaciers 
in  this  country,  and  it  appears  that,  when  the  land  stood  at  a  lower  level,  some 
of  the  glaciers,  as  in  Nant  Francon,  reached  the  sea,  where  icebergs  charged 
with  firagments  would  occasionally  be  found.  By  this  means  we  may  suppose 
the  great  angular  blocks  of  Welsh  rocks,  scattered  over  the  central  counties  of 
England,  were  transported.'  The  deposits  of  this  date  in  Ireland  have  occupied 
the  attention  of  sereral  geologists,  among  whom  may  be  mentioned,  Mr.  Weaver, 
Mr.  Griffith,  Colonel  PorUock,  Mr.  Trimmer,  Professor  Oldham,  Mr.  Bryce, 
Dr.  Lloyd,  Mr.  Hamilton,  and  Dr.  Scouler. 
*  Philosophical  Magazine,  1842,  toI.  xxi.,  p.  186. 

t  Although  in  several  parts  of  Ireland  the  &cts  relating  to  the  transport  of 
erratic  blocks  can  be  well  studied,  and  the  altitudes  at  which  they  and  the 
smoothing  and  scratching  of  sur&ce  rocks  are  found  well  observed,  there  are  few 
places  where  the  latter  can  be  seen  in  greater  perfection  than  the  beautifU  neigh* 
bourhood  of  Glengariff,  county  Cork.    The  scoring  and  rounding  of  the  sides 

md  bottom  of  the  valley  from  the  lower  part  of  the  demesne  of  Glengariff  to 

)antrj  Bay  is  particularly  worthy  of  attentive  study. 
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deriyed,  of  so  much  of  its  volame,  and  perhaps  also  of  its 
height,  as  regards  elevation  above  the  sea  level,  and  con- 
sequently that  if  multitudes  have  been  thus  detached,  previous 
heights,  composed  of  such  rocks,  may  have  been  much  reduced 
by  the  loss  tiius  sustained,  there  are  instances  where  it  would 
not  appear  a  sufficient  explanation  to  infer  that  a  transport  of 
erratic  blocks  had  been  effected  by  ice  in  such  a  manner,  that 
while  higher  portions  of  the  parent  rock  floated  away  at  the 
required  levels,  the  remaining  lower  portions  were  denuded,  in 
tiie  usual  manner,  as  the  land  emerged.  To  account  for  such 
instances,  Mr.  Darwin  considers  that  we  should  regard  the 
probable  effects  of  submer^ng  land,  where  coast  ice  could  be« 
formed,  upon  blocks  of  rock  which  may  have  been  ice- 
transported  to  its  shores.  He  points  out  that  erratic  blocks 
and  other  portions  of  the  beaches  of  such  shores  might 
gradually  be  raised  as  the  land  became  submerged,  so  that 
finally  coast  detritus,  including  the  blocks  of  rocks  ice* 
transported  from  various  distances,  would  be  elevated  to 
heights  above  that  at  which  it  was  accumulated  or  stranded. 
Blocks,  with  other  coast  fragments  and  shingle,  would  thus, 
when  the  land  again  emerged  frt)m  beneath  the  sea,  be  found 
raised  above  the  level  at  which  the  remains  of  their  parent 
rocks  are  now  found.* 

Respecting  the  erratic  blocks  of  the  Alps,  and  of  the  adjoin- 
ing countries,  a  large  mass  of  information  has  been  collected,  f 
The  main  fact  of  the  blocks  and  associated  minor  detritus 
having  been  transported  from  the  higher  Alpine  mountains  out- 


*  Darwin,  "  On  the  Transportal  of  Erratic  Boulders  from  a  Lower  to  a 
Higher  Level." — ^Jonmal  of  the  Geological  Society,  1849,  toI.  y.  Mr.  Darwin 
remarks  that  the  fragments  of  rock  "  from  being  repeatedly  caught  in  the  ice 
and  stranded  with  violence,  and  from  being  every  summer  exposed  to  com- 
mon littoral  action,  will  generally  be  much  worn;  and  from  being  driven 
over  rocky  shoals,  probably  often  scored.  From  the  ice  not  being  thick,  they 
will,  if  not  drifted  out  to  sea,  be  landed  in  shallow  places,  and  from  the  packing 
of  the  ice,  be  sometimes  driven  high  up  the  beach,  or  even  left  perdied  on 
ledges  of  rock." 

t  A  valuable  summary  of  the  labours  of  geologists  on  this  subject  will  be 
found  in  the  "  Histoire  des  Progr^  de  la  G^logie,  de  1834  a  1845,"  torn.  ii. 
chap.  5,  by  the  Vicomte  d'Archiac.  Appended  to  it  is  a  list  of  the  publication, 
which  may  advantageously  be  consulted. 
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wards  on  both  sides  the  main  ranges,  showing  that  the  cause  of 
their  dispersion  had  been  in  the  Alps  themselves,  forms  the  base 
of  the  chief  modern  hypotheses  connected  with  the  subject, 
whether  the  sudden  melting  of  snows  and  glaciers  by  the  heat 
and  vapours  accompanying  the  last  elevation  experienced  in 
these  mountains,*  the  former  great  extension  of  Alpine  glaciers, 
or  the  latter  combined  with  a  considerable  submergence  of  land, 
so  that  the  sea  entered  many  of  the  valleys  of  the  Alps,  coast 
ice  being  possibly  also  produced. 

Von  Buch,  De  Luc,  Escher,  £lie  de  Beaumont,  and  other 
geologists,  long  since  pointed  out  that,  from  the  mode  of  occur- 
rence of  the  Alpine  erratic  blocks,  the  great  valleys  of  the  Alps 
existed  prior  to  their  dispersion,  and  much  observation  has  been 
directed  to  the  sources  whenee  particular  kinds  of  blocks  have 
been  derived.t     The  magnitude  of  the  blocks  on  both  sides  of 

*  As  regards  the  transportal  of  blocks  of  rock  by  the  sudden  melting  of  snow 
from  the  escape  of  gases  rising  through  fissures  daring  the  elevation  of  mountain 
chains,  the  obserrer  will  find  the  subject  carefully  treated  in  the  *'  Note  relative 
a  Tune  des  causes  prdsumables  des  phenom^nes  erratiques,'  by  £lie  de  Beaumont 
(Bulletin  de  la  Soci^t^  Geologique  de  France,  t.  \y.  p.  1334,  1847).  On  the 
supposed  heat  of  the  gases  required  for  the  melting  of  the  snow,  M  iSiie  de 
Beaumont  remarks,  after  noticing  many  circumstances  bearing  on  the  subject, 
t^at  "  it  is  unnecessary  to  attribute  to  the  gaseous  current,  considered  to  have 
been  disengaged  from  fissures  in  the  ground,  a  temperature  higher  than  that 
needed  to  oTercome  the  atmospheric  pressure.  Little  would  be  gained  by  giv- 
ing this  current  a  very  high  temperature."  •  .  .  **  The  hypothesis  which 
admits  the  erratic  thaw  to  have  been  produced  by  vapours  of  moderate  tem- 
perature, appeal's  to  me,"  he  continues,  '<  also  that  according  to  which  nature 
would  have  worked  with  the  minimum  loss  of  heaf." 

t  With  reference  to  the  mode  of  distribution  of  the  erratic  blocks  in  the  basin 
of  the  Rhone,  as  also  to  the  kinds  of  rocks  so  distributed,  M.  Guyot  has  re- 
marked (Bulletin  de  la  Soc.  des  Sciences  de  Neuchatel,  1846,  Archives  de 
Gen^e,  Sept.,  1847):— 

1.  That  a  kind  of  rock  which  is  abundant  in  one  part  of  the  basin,  is  rare,  or 
absent,  in  another. 

2.  That  the  blocks  of  different  kinds,  commencing  with  the  locality  of  their 
origin,  form  parallel  series,  preserved  in  the  plain  ;  blocks  of  the  right  nde 
of  the  valley  keeping  to  the  right,  of  the  left  side  to  the  left,  while  those  of 
the  centre  preserve  their  central  position. 

8.  That  groups  composed  of  a  single  kind  of  rock,  to  the  exclusion  of  others, 

are  here  and  there  found  in  the  midst  of  various  rocks. 
These  views  M.  Guyot  considers  as  borne  out  by  numerous  facts,  and  he  in- 
^•rs  that  the  blocks  have  been  distributed  by  glaciers  in  the  manner  in  which 
nilar  blocks  now  are  by  the  moraines  of  actual  Alpine  glaciers.    He  states 
%i  similar  fiusts  ace  observable  in  the  valleys  of  the  Rheuss  and  RJiine. 
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the  Alps,  in  connectioii  with  the  diatanceg  they  must  have 
travelled  from  their  parent  rocks,  has  also  long  engaged  atten- 
tion. The  Pierre  it  Bot,  above  Neuchatel,  and  represented 
heneath  (Fig.  102),*  affords  a  good  example  of  an  erratic  block, 
perched  on  the  dde  of  the  Jura,  far  distant  from  its  source. 
Fig.  102. 


This  granite  mass  13  estimated  as  containing  about  40,000 
cubic  feet,  and  considered  to  have  been  transported  22  leagues 
from  the  crest  of  the  Follaterres,  on  the  north  of  Martigny.t 
The  blocks  on  the  Jura  have  always  attracted  much  attention 
from  the  circumstance  that  they  must  have  been  transported  over 
the  great  valley  of  Switzerland,  intervening  between  that  range 
and  the  Alps.  The  blocks  on  the  Chaeseron,  are  estimated  as 
ri^g  to  the  height  of  about  3600  feet.}  On  tbe  southern  side 
of  the  Alps  striking  masses  of  erratic  blocks  are  to  be  seen  in 
the  vicinity  of  the  Lakes  of  Cumo  and  Lecco.  They  will  be 
found  high  up  the  northern  side  of  Monte  San  Primo,  a  moun- 
tain welt  separated  from  the  high  Alps  by  the  intervening  Lake 

■  Taken  from  a  View  in  the  "  Travels  id  Iht  Alps  of  Savor,  &c.,"  bj  Prof. 
Jamn  Forba,  Ind  edition. 

t  H.  d'Archiae  remarki  (HiMoire  dea  Progr^  de  la  Gtelogie,  L  ii.,  p.  349), 
that  granite  and  gaeitt  generall;  fonn  the  blocka  of  the  largest  sue.  •■  A  blo^ 
(rf  granite,  on  the  calcareom  mountain  near  Oniires.  contaiuB  more  than  100,UCO 
cnbi«  feet  Above  Honthej,  nan;  bluck*  derived  from  the  Tal  de  Ferret,  and 
vhich  have  thni  travelled  a  distance  not  leii  than  1 1  leagnet,  contain  from 
8.000  to  50,000  and  60,000  cable  feet."  .  .  .  "  The  blocks  of  talcoie  granite 
of  St«inbo^nearSeeberg,  one  of  whieh  measnrea  61.000  cnUc  feet,  hai  travelled 
•boat  SO  leagnea." 

Coniidering  the  4D,0OOcnbicftet  supposed  to  be  contained  inthePitm^  Bui, 
M  Preach  meainrc  it  would  weigh  abont  3000  tons. 

}  Neeker,  Etndet  GMogiqoet  dant  lea  Alpa,  vol.  i.     Parii,  1841. 


316  ERRATIC  BLOCKS  OP  NORTHERN  EUROPE 

of  Como.     The  following  (Kg.  103)  is  a  section  of  tiiis  moun- 
tun,  showing  the  manner  in  which  the  erratic  bloclcs  rest  npon  it. 

]P1g.  103. 


P,  Monte  San  Primo  ;  B,  bluff  point  of  Bella^o,  rising  oat 
of  the  I^e  of  Como,  C ;  aaaa,  blocks  of  granite,  gneiss,  &c., 
scattered  over  the  surface  of  the  limestone  rocks,  ////,  and  the 
dolomite  ddd.  V,  the  Commune  di  Villa,  where  a  preriously 
existing  depres^on  has  been  nearly  filled  with  transported 
blocks  and  minor  detritus.  On  the  north  side  of  the  Alpi  di 
PraTolta,  V,  the  block  represented  beneath,  (Fig.  1 04,)  is  seen, 
one  however,  not  so  remarkable  for  size,  as  for  showing  the 
little  attrition  it  could  have  suQered  during  its  transport  from 
the  higher  Alpe  to  its  present  position. 
Fig.  104. 


A  lai^  amount  of  information  baa  been  obt^ned  respecting 
the  distribution  of  erratic  blocks  in  Nortbem  Europe,  and  the 
sources  in  Scandinavia  whence  they  have  been  detached.*    The 

*  The  obterver  woald  do  well  to  coniolt  the  Rapport  ear  un  M^oire  de 
H.  Duroeher,  intiliil^  "  Obterrations  sat  le  Pbf  Domine  Dilnvien  daiu  le  Nord 
de  I'Earope,"  by  M.  £lie  de  Beaumont  (Compie*  Rendoa,  totn.  xiv.,  p.  78, 1S43), 
wbemn  an  excellent  snmmarj  and  general  view  of  the  sabject,  incliidiiig  Ihe 
marking  of  labjacent  rocks,  up  to  tbe  date  of  the  oheervaCions,  vill  be  fband. 
He  should  likeviae  coDiolt  Ihe  "  Geolf^y  of  Baisia  in  Europe,  and  the  Ural 
HouDtuni,"  1845,  b;  Sir  Boderick  Marchiion,  H.  de  Vemenil,  mid  Count 
EejBcrliDg;  Chapter  xx.,  Scandinarian  Drift  and  Erratic  Blockl  in  Rnsda; 
and  Cbapter  zxi.,  Drift  and  Erratic  Blocks  of  Scandinavia,  and  Abrasion  and 
Striation  of  Bocks ;  and  also  the  "  Histoire  des  Progrte  de  la  Gfologie  de  1B34 
a  184S,''  torn,  ii.,  premiere  partie,  Terraia  Qnalernure  on  Dllavien.  Formation 

•atiqae  da  Nord  de  I'Europe.  Paris,  184R.  Notwithstanding  tbe  title,  thb 
table  work  coDtaias  iarormation  ap  to  the  date  of  publication.  A  mott 
llent  and  impartial  summary  of  the  labours  relating  to  this  sutfject,  witii 
inal  observations,  will  ba  (bund  In  this '  History.' 
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area  over  which  they  have  been  so  distributed  has  been  shown 
in  a  map  by  Sir  Roderick  Murchison,  M.  de  Vemeuil,  and 
Count  Keyserling,*  the  boundary  line  exhibiting  the  southern 
and  eastern  limits  of  the  erratic  blocks  extending  from  Prussia 
to  Voroneje,  in  Russia,  and  thence  northwards  to  the  Gulf  of 
Tcheskaia,  on  the  North  Sea.  It  is  remarked  that  from  the 
German  Ocean  and  Hamburg  on  the  west,  to  the  White  Sea 
on  the  east,  an  area  of  2000  miles  long,  varying  in  width  from 
400  to  800  miles  (which  may,  perhaps,  be  roughly  estimated  at 
about  1,200,000  square  miles)  is  more  or  less  covered  by  loose 
detritus,  amid  which  there  are  blocks  of  great  size,  the  whole 
derived  from  the  Scandinavian  mountains. 

While  regarding  the  kind  and  extent  of  country  thus  more  or 
less  covered  with  erratic  blocks  and  the  position  which  the 
Scandinavian  mountains  would  occupy  relatively  to  a  large  sub- 
merged area,  the  opinion  that  glaciers,  icebergs  (detached 
from  them),  and  coast  ice,  may  have  been  the  chief  means  of  dis- 
persing the  blocks  and  other  detritus  from  a  large  isolated 
region,  as  that  of  Scandinavia  would  then  be,  appears  far  from 
improbable.  Careful  examinations  of  the  Scandinavian  region 
itself,  shows  that  the  whole  land  has  been  elevated  above  the 
present  level  of  the  adjoining  seas  in  comparatively  recent 
geological  times,  and  there  has  been  found  a  scoring  of  sub- 
jacent rocks  and  dispersion  of  blocks  outwards  from  it,  according 
with  this  view.t 

In  the  region  occupied  by  these  erratic  blocks,  ridges  of 
them  and  other  detrital  matter  have  been  observed  to  run  in 
lines,  often  for  considerable  distances.  These  are  commonly 
known  as  skdrs^  or  dsars.X  Count  Rasoumouski  would  appear  (in 

*  <*  Geology  of  Russia  in  Earope  and  the  Ural  Moontains,"  1845. 

t  M.  Daubrte  states  (Comptes  Rendns,  toI.  xyi.,  1843),  that  the  traoes  of 
transport  of  detritos  and  of  friction  diverge  from  the  high  regions,  precisely  as 
in  the  Alps.  This  was  observed  up  to  an  elevation  of  3800  feet  (English). 
M.de  Bohtlingk  (PoggendorfTs  Anualen,  1 841,)  states  that  Scandinavian  blocks 
have  been  transported  from  the  coast  of  Kemi  into  the  Bay  of  Onega,  and  from 
Russian  Lapland  into  the  Icy  Sea,  that  is,  in  northerly,  north-westerly,  and 
north-easterly  directions,  as  qnoted  also  in  the  '*  Geology  of  Russia,"  vol.  i., 
p.  528. 

I  It  is  worthy  of  remark  that  similar  aocomnlations  of  this  date^  in  Ireland* 
are  known  as  EwcarB, 
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1819)  to  hare  been  among  the  first  to  remark  upon  tiiose  in 
Russia  and  Germany,  observing  that  they  usually  occurred  in 
lines  having  a  direction  from  N.E.  to  S.  W.  M.  Brongniart 
pointed  out  (in  1828),  that  those  of  Sweden,  though  sometimes 
inosculating,  took  a  general  direction  from  nprth  to  south.* 
Much  discussion  has  arisen  respecting  the  origin  of  these  lines 
of  accumulation.  Upon  the  supposition  that  lines  of  blocks  may 
have  been  accumulated  by  glaciers,  and  the  drift  of  iceberg 
and  coast  ice  in  particular  directions,  and  that  upon  the  uprise 
of  such  lines  of  deposits,  breaker  action  would  be  brought  to 
bear  upon  them  for  a  time,  we  should  expect  very  complicated 
evidence. 

In  Northern  America  erratic  blocks  are  found  to  occupy  a 
large  area,  some  being  strewed  as  far  south  as  40^  N.  latitude. 
Ilere^  as  in  northern  Europe,  the  general  drift  of  detritus 
appears  to  be  from  the  northward  to  the  southward,  and  blocks 
perched  at  various  altitudes,  scored  and  scratched  surfaces  of 
subjacent  rocks,  and  osars  or  lines  of  accumulation  t  occur  in 
the  same  manner.     Such  similar  efiects  point  to  similar  causes, 

«  «  Annales  des  Seienees  NatareUes,"  1S2S.  M.  d'Archiac  observes  (*<  Ifistoire 
des  Progr^  de  U  G^logie,"  1848,  torn.  ii.,p.  36,)  that  "  the  form  of  the  osais, 
their  disposition,  and  their  parallelism  with  the  furrows  and  scratches  of  erouon, 
naturally  lead  to  the  idea  of  a  current  which  has  swept  the  southern  part  of 
Sweden  from  N.N.E.  to  S.S.W.  M.  Durocher  has  found,  with  M.  Sefttrom, 
that  the  osars  were  heaped  up  on  the  southern  side  of  the  mountains  which,  ia 
that  direction,  opposed  their  course.  The  bsars  in  Finland,  though  less 
marked,  have  a  direction  from  N.  25^  W.  to  S.  25°  E.,  one  which,  with  the 
preceding,  represents  the  radii  of  the  semicircle  in  which  the  great  erratic  block 
deposit  of  Central  Europe  occurs," 

In  the  "  Geology  of  Russia  in  Eurc^  and  the  Ural  Mountains,"  will  be  found 
the  views  of  its  authors  respecting  skars  or  osars.  A  figure  is  giyen  of  an  ice- 
berg aground,  and  the  consequences  of  its  melting  stated,  lines  of  angular  and 
rounded  blocks  being  strewed,  as  the  ice  dissolved,  by  a  current  acting  con- 
stantly in  one  direction. 

t  An  interesting  account  of  two  remarkable  trains  of  angular  erratic  blocks 
in  Berkshire,  Massachusetts,  is  given  by  Professors  Henry  and  William  fiogers, 
in  the  "  Boston  Journal  of  Natural  History,*'  June,  1846.  These  two  trains,  one 
extending  for  20  miles,  both  previously  noticed  by  Dr.  Beid  and  Professor 
Hitchcock,  were  traced  to  their  sources.  The  blocks  are  generally  large,  the 
smaller  being  several  feet  in  diameter.  One  weighs  about  2000  tons.  The 
blocks  gradually  decrease  in  size  to  the  S.E.,  those  which  have  travelled 
Ikrthest  being  the  most  worn.  They  are  stated  not  to  mingle  with  the  general 
drift  beneath  them,  the  boulders  and  pebbles  in  which  bear  *<  the  traces  of  a 
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and  hence  the  explanations  offered  have  been  of  a  ^milar 
general  character.*  A  large  amouijit  of  information  has  also 
been  collected  respecting  the  occurrence  of  these  blocks,  and 
of  the  polishing  and  scoring  of  subjacent  rocks,  t  It  is  stated 
that  the  divergence  of  any  blocks,  such  for  example,  as  those 
of  the  Alps,  is  not  observed  in  the  United  States.  Professor 
Henry  Rogers  points  out  that  the  scorings  do  not  radiate 
from  the  high  grounds,  but  that  amid  the  mountains  of  New 
England  and  in  the  great  plains  of  the  west,  and  in  Pennsyl- 
vania, Vermont,  and  Massachusetts,  they  preserve  a  south-east 
direction  at  all  their  elevations ;  the  lower  parts  of  the  great 
valleys  being  alone  excepted.  In  the  mountainous  portions 
of  the  region,  the  heights  and  flanks  exposed  to  the  north  and 
north-west,  are  the  most  polished  and  scored.  Blocks  of  large 
size  have  been  found  in  New  England,  New  York  and  Penn- 
sylvania, from  1000  to  1500  feet  above  the  sea. 

Erratic  blocks  are  also  found  in  South  America.  Mr.  Dar- 
win discovered  them  up  the  Santa  Cruz  river,  Patagonia,  in 
about  50^  10'  S.  latitude,  and  at  about  67  miles  from  the 

long-continaed  and  violent  rubbing/*  **  Other  long  and  narrow  lines  of  huge 
erratic  fragments  are  seen  elsewhere  in  Berkshire,  and  abound,  we  think,  in 
nearly  aU  the  monntainoas  districts  of  New  England.  One  such  train,  originat- 
ing apparently  in  the  Lennox  ridge,  about  two  miles  on  the  south  of  Pittsfield, 
crosses  the  Housatonic  Valley,  south-easterly,  as  far  at  least  as  the  foot  of  the 
broad  chain  of  hills  in  Washington.  Some  very  extensiye  ones  are  to  be  seen 
on  the  western  side  of  the  White  Mountains." 

*  These  will  be  found  in  the  works  and  memoirs  ot  Hitchcock,  Mather, 
Emmons,  Hall,  Rogers,  Hnbbart,  Redfield,  Jackson,  Christy,  Ch,  Martins,  and 
other  geologists. 

f  We  are  indebted  to  Dr.  Bigsby  for  an  early  notice  of  the  erratic  blocks  of 
North  America, — (Trans.  Geol.  Soc,  London,  toI.  i.,  second  series.) 

In  1833,  Professor  Hitchcock  (Report  on  the  Geology  of  Massachusetts,  Art, 
DUuvium,)  adduced  abundant  evidence  of  the  northern  origin  of  these  blocks  in 
the  districts  described  by  him.  The  like  was  also  done  at  an  early  date  for 
other  portions  of  North  America,  by  Messrs.  lApham,  Jackson,  Alger,  and 
others.  The  observer  will  find  an  able  summary  of  the  facts  known  in  1846» 
on  this  subject,  in  Professor  Hitchcock's  Address  to  a  meeting  of  the  Association 
of  American  Geologists  in  that  year.  Professor  Henry  Rogers  also  treated  in  a 
general  manner  of  the  American  erratic  blocks  in  his  Address  to  the  same 
scientific  body  in  1844,  (American  Journal  of  Science,  vol.  xlvii.)  Another 
general  summary,  up  to  1S48,  is  given  by  the  Vicomte  d'Archiac,  (Histoire  des 
Progr^  de  la  G^ologie,  torn,  ii.,  chap.  9,  Ternun  Quatemaire  de  TAm^riqae 
dn  Nord). 
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nearest  Cordillera.  Nearer  the  mountains  (at  55  miles)  they 
became  ^^  extraordinarily  numerous."  One  square  block  of 
chloritic  schist  measured  5  yards  on  each  side,  and  projected 
5  feet  above  the  ground ;  another,  more  rounded,  measured 
60  feet  in  circumference.  '^  There  ivvere  innumerable  other 
fragments  from  2  to  4  feet  square."*  The  great  plain  on 
which  they  stood  was  1400  feet  above  the  sea,  sloping  gradually 
to  sea  clifis  of  about  800  feet  in  height.  Other  boulders  were 
found  upon  a  plain,  above  another,  elevated  440  feet,  through 
which  the  same  river  flows,  and  at  800  feet  above  the  sea. '  In 
the  valley  of  the  Santa  Cru2,  and  at  SO  or  40  miles  from  the 
Cordillera,  (the  highest  parts  in  this  latitude  rise  to  about  6400 
feet,)  blocks  of  granite,  sienite,  and  conglomerate,  not  found 
in  the  more  elevated  plains,  were  detected.  Mr.  Darwin  infers 
that  these  are  not  the  wreck  of  those  observed  on  the  higher 
plain,  but  that  they  have  been  subsequently  transported  from 
the  Cordillera.  He  had  not  opportunities  of  observing  other 
erratic  blocks  in  Patagonia,  but  refers  to  the  great  fragments 
of  rocks  noticed  by  Captain  King  on  the  surface  of  Cape  Gre- 
gory, a  headland,  about  800  feet  high,  on  the  northern  shore 
of  the  Strait  of  Magellan.  Mr.  Darwin  also  describes  rock 
fragments  of  various  dimensions  and  kinds  in  Tierra  del  Fuego 
and  the  Strait  of  Magellan,  amid  stratified  and  unstratified 
accumulations  of  a  similar  general  character  to  those  of  this 
geological  date  in  Exu'ope.f     Many  of  the  erratic  blocks  are 

*  Darwin,  ^  On  the  Distribution  of  Erratic  Booldersa  and  on  the  Contem- 
poraneous Unstratified  Deposits  of  South  America."— Oeol.  Trans.,  second  series, 
vol.  vi.  p.  415. 

t  At  Elizabeth  Island,  Straits  of  Magellan,  there  occurs  '*  fine-gruned, 
earthy  or  argillaceous  sandstone,  in  very  thin,  horisontal,  and  sometimes  in- 
dined  laminae,  and  often  associated  with  curved  layers  of  graveL  On  the 
borders,  however,  of  the  eastern  parts  of  the  Strait  of  Magellan,  this  fine^gruned 
formation  often  passes  into,  and  alternates  with,  great  unstratified  beds,  either 
of  an  earthy  consistence  and  whitish  colour,  or  of  a  dark  colour  and  of  a  ooq- 
•istenoe  like  hardened  coarse-grained  mud,  with  the  particles  not  separated 
according  to  their  siie.  These  beds  contain  angular  and  rounded  Aragments  of 
various  kinds  of  rock,  together  with  great  boulders." —  Geol.  Trans.,  second 
series,  vol.  vi.,  p.  418.  Variations  of  these  accumolations  are  noticed  as 
occurring  in  other  places,  and  two  sections  of  contorted  and  confused  beds  at 
Gregory  Bay  are  given,  and  Mr.  Darwin  infers  that  this  disturbance  may  have 
been  produced  by  grounded  icebergs. 
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large, .  one  at  St.  Sebastian's  Bay,  east  coast  of  Tierra  del 
Fuego,  was  47  feet  in  circumference,  and  projected  5  feet  from 
the  sand  beach.  The  general  drift  of  these  deposits  is  con- 
sidered to  be  from  the  westward,  the  manner  in  which  the 
transported  fragments  of  rock  would  be  carried  by  a  current 
similar  to  that  which  sweeps  against  the  present  land.  On  the 
north  of  Cape  Virgins,  close  outside  the  Strait  of  Magellan, 
the  imbedded  fragments  are  considered  to  have  been  trans- 
ported 120  geographical  miles  or  more  from  the  west  and 
south-west  On  the  northern  and  eastern  coasts  of  the  Island 
of  Chiloe,  extending  from  43'  26',  to  41°  46'  S.  latitude, 
Mr.  Darwin  detected  an  abundance  of  granite  and  sienite 
boulders,  from  the  beach  to  a  height  of  200  feet  on  the  land. 
He  infers  that  these  boulders  have  travelled  more  than  40 
miles  from  the  Cordillera  on  the  east.* 

Upon  the  supposition  of  the  submergence  of  a  large  portion 
of  the  present  dry  land  of  Northern  Europe,  Asia,  and  America, 
beneath  seas  upon  which  ice  was  formed,  and  into  which  gla- 
ciers protruded  in  lower  latitudes  than  at  present,  we  should 
expect  to  discover  in  the  marine  deposits  of  these  regions  and 
of  the  period,  now  upraised  into  the  atmosphere,  evidences  of 
the  marine  animal  life  of  the  time  having  corresponded  with 
the  low  temperature  to  which  it  was  then  exposed.  This 
evidence  is  considered  to  have  been  found. 

As  regards  the  British  Islands,  Mr.  Trimmer  pointed  out  in 
1831,  that  amid  the  detrital  accumulation  referred  to  this  date, 
and  at  a  considerable  height  above  the  sea  (since  ascertained 
to  be  1392  feet),  upon  Moel  Trefan  (one  of  the  hills  on  the 
outskirts  of  the  chief  Caernarvonshire  mountains),  fragments  of 
Buccinum^  Venus,  Natica,  and  Turbo  of  existing  species  were 
found.  He  also  stated  that  on  the  flanks  of  the  Snowdonian 
mountains,  and  between  them  and  the  adjoining  sea,  in  the 
Menai  Straits,  there  were  large  accumulations  of  boulders  and 

*  **  The  larger  boulders  were  quite  aogalar."  ..."  One  mass  of  granite 
at  Chacao  was  a  rectangular  oblong,  measuring  15  feet  by  11  feet,  and  9  feet 
high.  Another,  on  the  north  shore  of  Lemuy  islet,  was  pentagonal,  quite  angu- 
lar, and  1 1  feet  on  each  side ;  it  projected  about  12  feet  above  the  sand,  with 
one  point  16  feet  high :  this  fWigment  of  rock  almost  equals  the  larger  blocks  on 
the  Jnra." — Geol.  Trans.,  second  series,  vol.  vi.,  p.  425. 
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fragments  derived  from  a  distance,  (among  them  chalk  flints,) 
mingled  with  others  of  a  local  kind.  Mr.  Trimmer  subse- 
quently (1838),  published  a  more  general  statement  on  the 
same  subject,  noticing  various  localities  where  he  and  others 
had  found  shells  of  a  similar  character  in  deposits  referred  to 
this  date.* 

Commenting  on  the  facts  observed  by  Mr.  Trimmer  on  Moel 
Trefan,  Sir  Roderick  Murchison  (in  1882),  inferred  from  the 
previous  discovery  of  shells  of  existing  species  in  the  Lanca- 
shire gravels  and  sands  by  Mr.  Gilbertson,  one  which  he  was 
enabled  to  confirm  from  actual  observation,  and  from  finding 
similar  accumulations  over  a  large  tract  of  country,  that  the 
materials  of  the  ancient  shore  of  Lancashire  and  of  the  estuary 
of  the  Ribble,  were  deposited  during  a  long-protracted  period, 
and  "  were  elevated  and  laid  dry  after  the  creation  of  many 
o(  the  existing  species  of  molluscs."  f  Numerous  facts  of  the 
like  kind  were  noticed  by  difierent  observers,  J  but  the  infer* 

*  The  first  oommaDieation  was  made  to  the  Geological  Society  of  London 
(Proceedings  of  that  Society,  vol.  i.) ;  the  second  to  the  Geological  Society  of 
Dublin,  in  a  memoir,  in  two  parts,  entitled,  '^  On  the  Dilnvial  or  Northern 
Drift  on  the  Eastern  and  Western  side  of  the  Cambrian  Chsun,  and  its  Con- 
nexion with  a  similar  Deporat  on  the  Eastern  side  of  Ireland,  at  Bray,  Howtb, 
and  Glenismanle." — (Journal  of  the  Geological  Society  of  Dublin).  Mr. 
Trimmer  mentions  that,  prior  to  his  discoTcry  of  the  shells  on  Moel  Trefim, 
Mr.  Gilbertson  had  found  shells  of  existing  spedes  in  gravel  and  sand  near 
Preston,  Lancashire,  and  that  Mr.  Underwood  had  observed  furrows  and 
seratches  on  the  surfece  of  rocks  laid  bare  among  the  Snowdonian  mountains, 
when  the  great  road  fh>m  Bangor  to  Shrewsbury  was  in  progress. 

t  Address,  as  President,  to  the  Geological  Society  of  London,  February, 
1838. — Proceedings  of  that  Society,  toI.  i.,  p.  366. 

I  Among  the  observations  of  the  time,  and  as  important  for  the  locality  no- 
ticed, should  be  mentioned  those  of  Sir  Philip  Egerton,  **  On  a  Bed  of  Gravd 
containing  Marine  Shells  of  recent  Species,  at  Wellington,  Cheshire"  (Proceedings 
of  the  Geological  Society,  vol.  ii.,  p.  189,  April,  1835).  Sir  Philip  notices  the 
remains  of  7\irritella  terebra,  Cardium  eduU,  and  Miirex  arenaceu9,  and  infers 
that  there  had  been  an  alteration  of  70  feet  in  the  level  of  land  and  sea,  as  regards 
the  locality,  since  the  deposit  was  formed.  In  1837,  Mr.  Strickland  (**  On  the 
Nature  and  Origin  of  the  various  kinds  of  transported  Gravel  occurring  in 
England,"  read  at  the  British  Association  in  that  year)  took  a  general  view  of 
the  stratified  and  unstratified  character  of  these  depoats,  and  divided  them  into 

Marine  driftt  formed  when  the  central  portions  of  England  were  under  the 
;  and,  2.  Flwnatile  drifts  when  they  were  above  its  level,  forming  dry  land, 
first  composed  of  (a)  erratic  gravel,  without  chalk  flints ;  (6)  erratic  gravel, 
h.  chalk  flints ;  and  (c)  local,  or  non*erraUc  gravel. 
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ence  as  to  a  temperature  less  at  that  geological  time  than  at 
present,  as  shown  by  the  remains  of  molluscs,  does  not  appear 
to  have  taken  a  distinct  form  until  Mr.  Smith,  of  Jordan  Hill^ 
published  his  views  on  the  subject  in  1 839.  *  He  discovered 
shells  in  places  where  their  animals  had  lived  and  died,  in  the 
counties  of  Lanark,  Benfrew,  and  Dumbarton,  and  hence  in* 
fen^  their  entombment  by  depression,  a  half-tide  deposit 
being  converted  into  one  in  a  deeper  sea.  From  these  and 
other  researches,  Mr.  Smith  obtained  a  mass  of  evidence  which 
led  him  to  conclude  from  the  remains  of  the  molluscs  dis- 
covered in  deposits  of  this  date  in  different  localities,  thai 
the  climate  of  the  British  Islands  had  then  been  colder  than 
it  now  is,  more  especially  as  Arctic  molluscs,  not  now  found 
round  the  British  coasts,  were  obtidned  from  these  accumula- 
tions, t 

Professor  Edward  Forbes,  in  1846,  availing  himself  of  the 
information  then  existing,  and  of  his  own  researches  on  the 
same  subject,  pointed  out  that  the  total  number  of  species  of 
molluscs  discovered  in  the  deposits  of  the  British  area  and 

*  *'  On  the  late  Changes  of  the  relative  Levels  of  the  Land  and  Sea  in  the 
British  Islands  *'  (Memoirs  of  the  Wemerian  Natural  History  Society,  Edin- 
burgh, vol.  vui.,  p.  49,  &c.}  In  this  memoir  Mr.  Smith  most  carefully  citeiTall 
those  who  had  previously  discovered  facts  relating  to  the  subject,  giving  an 
account  of  these  facts. 

t  Alluding  to  the  researches  of  M.  Deshayes,  to  whom  the  unknown  shells 
discovered  were  transmitted,  and  who  stated  that  those  still  foaod  recent,  but 
not  in  the  BritLsh  seas,  occur  in  northern  latitudes,  Mr.  Smith  remarks  that 
this  view  confirmed  that  which  he  had  previously  entertained  from  finding 
many  of  the  shells  common  with  those  obtained  by  Sir  Charles  Lyell,  at  Ud- 
devalla,  in  Sweden,  and  figured  by  him  (Phil  Trans.  1835) ;  from  having  been 
informed  by  the  same  geologist  that  the  Fusus  Peruvianua  still  inhabited  the 
Arctic  seas;  and  from  Mr.  Gray  (of  the  British  Museum)  having,  from  a 
cursory  examination  of  the  shells  discovered,  remarked  that  they  had  all  the 
appearance  of  Arctic  shells.  Mr.  Smith  adds,  "  In  the  Clyde-raised  deposits, 
shells  common  to  Britain  and  the  northern  parts  of  Europe  occur  in  much 
greater  abundance  than  they  do  at  present.  The  Pecten  Islandicus,  which  has 
probably  entirely  disappeared,  and  the  Cyprina  Idandica,  which,  if  found 
recent  in  the  Clyde,  is  extremely  rare,  are  amongst  the  most  common  of  the 
fossil  species."  Most  valuable  catalogues  are  appended  to  the  Memoir  of  Mr. 
Smith,  consisting  of  lists  of  recent  shells  in  the  basin  of  the  Clyde  and  north 
coast  of  Ireland  (including  land  and  fresh* water  shells ;)  of  shells  from  the 
newer  Pliocene  deposits  of  the  British  Islands  (also  including  land  and  fresh- 
water shells;)  and  of  recent  species  (then  new)  from  the  Firth  of  Clyde. 

y2 
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Beferred  to  this  geological  time,  was  about  124,  all,  with  a  few 
exceptions  now  existing  in  the  seas  around  the  British  Islands, 
and  yet  indicating  by  their  mode  of  assemblage  a  colder  state 
of  the  area  than  at  present.*  While  carefully  noticing  the  error 
which  might  arise  from  neglecting  the  occurrence  of  species  at 
different  depths  in  the  sea,  he  observes,  that  among  those  found 
in  these  deposits,  and  in  situations  where  they  must  have  lived 


*  Professor  E.  Forbes,  '•  On  the  Connexioii  between  the  Distribntion  of  the 
existing  Fauna  and  Flora  of  the  British  Isles,  and  the  Geological  Changes 
which  have  affected  their  Area  during  the  Period  of  the  Northern  Drift," 
(Memoirs  of  the  Oeological  Survey  of  Great  Britain,  vol. !.,  p.  367,  &c)  The 
Professor  observes,  that,  **  as  a  whole,  this  fkuna  is  very  nnprolific,  both  as  to 
species  and  individuals,  when  compared  with  the  preceding  moUuscan  £uma  of 
the  red  and  coralline  crags,  or  that  now  inhabiting  our  seas  and  shores.  This 
comparative  deficiency  depends  not  on  an  imperfect  state  of  our  knowledge  of 
the  fossils  in  the  glacial  formations :  on  that  point  we  now  have  ample  evi- 
dence ;  but  on  some  difference  in  the  climatal  conditions  prevailing  when  those 
beds  were  deposited.  Such  a  deficiency  in  species  and  individuals  of  the  tes- 
taceous forms  of  mollnsca,  indicates  to  the  marine  zoologist,  the  probability  oi 
a  state  of  climate  colder  than  that  prevaUing  in  the  same  area  at  present. 
Thus  the  existing  fkuna  of  the  Arctic  seas  include  a  much  smaller  number  of 
testaceous  molluscs  than  those  of  Mid-European  se^s,  and  the  number  of  tes- 
taoea  in  the  latter  is  much  less  than  in  South-European  and  Mediterranean 
regions.  It  is  not  the  latitude,  but  the  temperature  which  determines  these 
differences."  *'  That  the  climate,"  he  subsequently  observes,  **  under  which 
the*glacial  animals  lived,  was  colder,  is  borne  out  by  an  examination  of  the 
species  themselves.  We  find  the  entire  assemblage  made  up,  1st,  of  species 
(25)  now  living  throughout  the  Celtic  region  in  common  with  the  northern 
seas,  and  scarcely  ranging  south  of  the  British  Isles ;  2nd,  of  species  (24) 
which  range  &r  south  into  the  Lusitauian  and  Mediterranean  regions,  but 
which  are  most  prolific  in  the  Celtic  and  northern  seas ;  3rd,  of  species  (IS) 
still  existing  in  the  British  seas,  but  confined  to  the  northern  portion  of  them, 
and  most  increasing  in  abundance  of  individuals  as  they  approach  towards  the 
Arctic  circle;  4th,  of  species  (16)  now  known  living  only  in  European  seas, 
north  of  Britain,  or  in  the  seas  of  Greenland  and  Boreal  America ;  5th,  of 
species  (6)  not  now  known  existing,  and  unknown  fossil  in  previous  deposits. 
Two  other  species,  firom  southern  deposits  in  Ireland,  were,  one  the  same  as 
one  (Turritella  tncr€usata)  still  existing  in  the  South-European,  though  not  in 
the  British  seas,  and  the  other  ( TonuUella  pyramidata)  extinct,  but  found 
fbssil  in  the  crag."  Professor  E.  Forbes  remarks,  that  it  is  "  of  consequence  to 
note  the  fact  that  the  species  most  abundant  and  generally  diffiised  in  the  drift 
are  essentially  northern  forms,  such  as  Aatarte  elliptica,  compretaa^  and  bore- 
alis,  Cyprina  communis,  Leda  rostratci,  and  minuta,  TeUina  calcareoy  Modiola 
vulgcarUi  Fusu9  bamfiut,  and  scalariformis,  Littorina  and  Lttcunee,  NcUica  ciauta 
md  Buccinum  imda/um;  and  even  Sojcicava  ruyosa  and   I\triieUa  ttrAra^ 

bough  widely  distributed,  are  much  more  characteristic  of  north  Euiopeaa 

ban  of  southern  seas.*' 
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and  died,  there  are  shells,  such  as  the  LittorincB,  the  Purpvra^ 
the  PatellOy  and  the  Locutub^  ^^  genera  and  species  definitely 
indicating,  not  merely  shallow  water,  but  in  the  three  first 
instances,  a  coast  line."  * 

Taking  a  general  view  of  the  flora  of  the  British  Islands, 
and  of  the  probable  sources  whence  its  parts  have  been  de- 
rived. Professor  Edward  Forbes  has  inferred  that  a  portion  was 
obtained  from  northern  regions  when  the  higher  parts  of  these 
islands  were  alone  above  the  sea,  at  a  time  corresponding  with 
that  when  the  marine  molluscs  liidng  in  the  seas  around  them 
were  of  the  character  above  noticed,  and  when  the  climate  was 
colder  than  it  now  is,  the  evidence  of  the  land  flora  thus  corro- 
borating that  afibrded  by  the  remains  of  the  marine  molluscs. 
Under  such  conditions  he  infers  that  ^'  plants  of  a  subarctic 
character  would  flourish  to  the  water's  edge."  The  whole  area 
being  subsequently  upraised,  in  the  manner  above  noticed,  the 
previous  islands  would  become  mountain  heights,  and  the 
plants,  uplifted  with  them,  not  being  deprived  of  the  climatal 
conditions  fitted  for  them,  continued  to  flourish  and  be  distri- 
buted as  we  now  find  them.f 


*  ^  Memoirs  of  the  Geological  Sarvey  of  Great  Britain,"  vol.  i.,  p.  370. 
The  Professor  adds,  ^  a  most  important  ikct,  too,  is  that  among  the  species  of 
JLUtorina^  a  genus,  all  the  forms  of  which  live  on]y  at  water-mark,  or  between 
tides,  is  the  Littorina  expanstt,  one  of  the  forms  now  extinct  in  the  British,  bat 
still  sanriying  in  the  Arctic  Seas/' 

t  **  Memoirs  of  the  Greological  Sanrey,"  toI.  i.  Professor  E.  Forbes  divides  the 
general  flora  into  five  parts,  «  four  of  which  are  restricted  to  definite  provinces, 
whilst  the  fifth,  besides  exclusively  claiming  a  great  part  of  the  area,  OTcrspreads 
and  commingles  with  all  the  others."  With  regard  to  his  general  view,  the 
Professor  takes,  as  his  main  position,  that  '*  the  specific  identity,  to  any  extent, 
of  the  flora  and  &ana  of  one  area  with  those  of  another,  depends  on  both  areas 
fbrming,  or  haying  formed,  part  of  the  same  specific  centre,  or  on  their  having 
derived  their  animal  and  Tegetable.popalation  by  transmission,  through  migra* 
tion,  over  oontinuons  or  closely  contiguoos  land,  aided,  in  the  case  of  Alpine 
floras,  by  transportation  on  floating  masses  of  ice."  As  respects  the  Tegetation 
to  which  reference  is  made  in  the  text.  Professor  E.  Forbes  obeenres,  **  The 
snmmits  of  our  British  Alps  have  always  yielded  to  the  botanist  a  rich  harvest 
of  plants  which  he  could  not  meet  with  elsewhere  among  these  islands.  The 
species  of  these  mountain  plants  are  most  numerous  on  the  Scotch  mountains — 
comparatively  few  on  more  sonthem  ridges,  such  as  those  of  Cumberland  and 
Wales.  Bat  the  species  found  on  the  latter  are  all,  with  a  nngle  exception 
{^Uoydia  $erotina),  inhabitants  also  of  the  Highlands  of  Scotland ;  whilst  th 
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As  confinniDg  his  views  respectiDg  the  effect  of  great  cold  at 
this  period  upon  the  marine  molluscs  in  the  seas  around  the 
British  Islands,  Professor  E.  Forbes  found,  while  dredging, 
that  there  were  depressions  off  the  coasts  in  which  molluscs  of 
Arctic  character  still  remained,  as  if  imprisoned  in  cavities 
during  the  general  rise  of  the  sea  bottom,  so  that  while  their 
germs  still  found  the  needful  conditions  for  their  development 
in  such  depressions,  when  they  passed  beyond  them,  they 
perished. 

Quitting  the  minor  area  of  the  British  Islands,  and  extending 
our  views  to  the  great  region  ranging  from  Scandinavia  east- 
ward along  Northern  Asia  to  Behring's  Straits,  we  should,  in 
tiie  higher  latitudes,  expect  no  great  aid,  as  regards  evidences 
of  a  colder  climate  having  more  prevailed  at  that  geological 
time  than  at  present,  from  the  remains  of  marine  molluscs  en- 
tombed amid  detritus,  *  or  from  the  existing  flora  there  found. 
Under  the  hypothesis  of  a  depression  of  land,  accompanied  by 
increased  cold,  it  is  not  difficult  to  conceive  that  the  marine 
fauna  and  terrestrial  flora  of  the  region  became  adjusted  to  the 
conditions  obtaining  at  the  different  times,  the  one  accommo- 
dating itself  to  the  new  shores,  the  other  creeping  to  the  proper 
grounds,  as  the  sea  bottom  changed  and  the  general  tempera- 
ture became  lowered  or  elevated.     The  discovery,  however,  of 


Alpine  plants  of  the  Scotch  mountains  are  all,  in  like  mamier,  identical  with 
the  plants  of  more  northern  ranges^  as  the  Scandinavian  Alps,  where,  however, 
there  are  species  associated  with  them  which  have  not  appeared  in  oar  oonntry." 
*  The  well-known^  mass  of  shells  at  Uddevalla,  in  Sweden,  raised  to  the 
height  of  216  feet  above  the  level  of  the  sea,  and  beneath  part  of  which 
M.  Alexandre  Brongniart  long  since  found  Balcuii  still  adhering  to  the  support- 
ing gneiss  rocks  on  which  they  grew  (Tableau  des  Terrains  que  compose 
I'Ecorce  du  Globe,  p.  89),  is  described  as  composed  of  species  still  existing  in 
the  neighbouring  seas.      A  list  of  these  shells  was  given  by  M.  Hisinger, 
<*  Esquisse  d*un  Tableau  des  Petrifications  de  la  Svede,"  ed.  2me,  Stockholm, 
1831 .    Professor  E.  Forbes  has  pointed -out  that  this  accumulation  of  sheUs  was 
noticed  by  Linnseus  in  1747,  and  that  the  species  discovered  by  him  are  now 
known  as  Balanus  acoticutf  Saxicava  rugosa  or  tulcala,  Mya  ttrenaria,  Littorina 
KttoreOi  Mytilus  edulU^  Fusus  scdfariformUy  Pecten  isUtmiicus,  Fvsus  aniiquuM 
and  Balanua  sulcatus.    In  1806  the  Uddevalla  shells,  and  others  of  existing 
oecies,  raised  above  the  present  level  of  the  sea  in  Norway,  were  observed  by 
on  Bach.    They  were  also  described  by  Sir  Charles  Lyell,  in  his  account  of 
e  rise  of  land  in  Sweden,  "  Philosophical  Transactions,"  1835. 
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large  animals  entire  in  ice,  or  frozen  mud  or  sand,  with  their  flesh 
and  hair  preserved,  in  high  northern  latitudes,  and  of  kinds  not 
now  existing  there,  has  been  considered  as  affording  somewhat 
of  the  evidence  required. 

It  is  now  about  half  a  century  dnce  that  the  body  of  an 
elephant,  of  a  species  not  now  living,  but  the  remains  of  which 
are  widely  dispersed  amid  the  later  geological  accumulations  of 
the  northern  portions  of  the  northern  hemisphere, — ^its  flesh  so 
fresh  that  bears  and  wolves  devoured  it, — ^was  found  frozen  in 
70^  N.  latitude,  near  the  embouchure  of  the  Lena  in  Siberia.* 
The  body  of  a  rhinoceros  also,  of  a  species  now  extinct,  whose 
hard  remains  are  also  discovered  in  somewhat  similar  portions, 
had  been  obtained  in  the  state  of  a  mummy  by  Pallas  thirty 
years  previously,  in  latitude  64^  N.,  from  the  banks  of  the 
Wiljue,  which  falls  into  the  Lena,  the  carcase  smelling  like 
putrid  flesh,  the  hair  still  partly  on  the  body.  These  discoveries 
long  since  led  to  speculations  respecting  a  change  of  climate  in 
Siberia,  one  suddenly  destroying  the  animals  mentioned  by  cold, 
so  that  their  carcases  were  preserved.  Professor  Play£Eur 
(in  1822)  would  appear  to  have  been  the  first  to  infer  that  the 
elephants  and  rhinoceroses  of  Siberia,  now  extinct,  may  have 
been  fitted  for  a  c<)ld  climate,  though  the  elephants  of  the  present 
day  inhabit  regions  of  a  higher  temperature,  and  that  "  they 
may  have  migrated  with  the  seasons,  and  by  that  means  have 
avoided  the  rigorous  winters  of  the  high  latitudes."!  He  also 
considered  that  they  might  have  lived  farther  to  the  south  than 
the  localities  where  their  remains  are  now  found,  and  ^^  among 
the  valleys  between  the  great  ranges  of  mountains  that  bound 

*  Mr.  Adams,  who  carefully  preserred  what  remained  of  this  animal,  relates 
that  it  was  first  observed  as  a  shapeless  mass  by  Schumakof,  a  Tongnsian  chief, 
and  owner  of  the  peninsula  of.  Tamset,  in  1799 ;  that  this  ice-oovered  mass  fell 
opon  the  sand  in  1S03,  and  that,  in  the  next  year,  the  chief  cut  off  the  tusks,  the 
fossil  ivory,  if  it  may  from  its  comparative  freshness  be  so  termed,  found  in 
these  regions,  being  an  article  of  commerce.  Mr.  Adams,  visiting  the  spot  two 
yemni  afterwards,  obtained  the  skeleton,  stiU  in  part  covered  by  the  fleshy  re« 
mains,  with  portions  of  its  hair,  which,  together  with  the  tusks,  subsequently 
purchased,  is  now  preserved  in  the  Museum  at  St.  Petersburg ;  and  a  description 
is  given  of  it  in  the  **  Memoirs  of  the  Imperial  Academy  of  Sdenoes,"  vol.  v.,  of 
which  a  translation  was  published,  with  a  figure,  in  London,  in  1819. 

t  Play  fair's  <«  Illustrations  of  the  Huttoni^  Theory,"  Edinburgh,  1822. 
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Siberia  on  that  side."  Sir  Charles  Lyell,  in  1835,  took  a 
similar  but  more  extended  view  of  the  subject*  Adverting  t04 
the  mode  of  occurrence  of  the  abundant  remains  of  elephants 
in  the  deposits  of  Siberia, — an  abundance  so  great  that  a  trade 
in  their  tusks  for  ivory  has  long  been  established,! — to  the 
deposits  themselves  in  which  they  are  discovered  having  been 
formed  beneath  the  sea,  since  they  contain  the  remains  of 
marine  shells ;  and  to  a  slow  upheaval  of  the  borders  of  the  Icy 
Sea,  as  is  now  taking  place,  he  considered  that  a  considerable 
change  in  the  physical  geography  of  the  whole  region  had  been 
efiected,  a  great  increase  of  land  northwards  being  the  result 
of  a  long-continued  and  slow  uprise  of  land  and  sea  bottom.  He 
inferred  a  general  decrease  of  temperature,  so  that  the  ele- 
phants and  rhinoceroses,  though  they  may  have  been  fitted  to 
live  in  colder  regions  than  any  of  the  kinds  now  existing, 
gradually  perished. 

Sir  Roderick  Murchison  and  his  colleagues,  in  the  exami- 
nation of  the  geology  of  Russia  and  the  Ural  Mountains,  adopted 
similar  general  views,  inferring  that  the  Ural,  Altai,  and  neigh- 
bouring regions  of  Siberia,  were  above  the  sea  when  these  great 
mammals  existed,  and  that  they  lived  in  herds  adjacent  to  lakes 
and  estuaries,  f  into  and  down  which  their  remains  were  swept 
It  would  appear,  especially  by  the  researches  of  M.  Middendorf, 
that  the  shells  found  with  these  remains  are  of  kinds  now  exist- 
ing in  the  seas  of  the  region,  so  that  the  molluscs  of  that  time 
and  the  neighbouring  seas  have  not  been  exposed  to  conditions 
effecting  their  destruction.  M.  Middendorf  also  meiitions,  that 
in  1843,  the  carcase  of  an  elephant  was  found  in  the  Tas, 
between  the  Oby  and  Yenesei,  in  about  latitude  66°  30'  N., 
'^  with  some  parts  of  the  flesh  in  so  perfect  a  state,  that  the  bulb 
of  the  eye  is  now  preserved  in  the  Museum  of  Moscow."§    Sir 

•  "Principles  of  Geology,"  4th  edition,  1S35. 

t  This  fossil  iyory  is  still  imported  from  Russia  into  Liverpool,  where  it 
finds  *'a  readj  sale  to  comb-makers  and  other  workers  in  ivory/' — Owen, 
**  History  of  British  Fossil  Mammals,"  p.  249. 

X  *<  Geology  of  Russia  in  Europe  and  the  Ural  Mountains,"  vol.  i.,  p.  500. 

j  The  discoveries  of  M.  Middendorf,  of  1843,  were  communicated  to  Sir 

arles  Lyell  in  1846  (Principles  of  Geology,  7th  edition,  1847).  *<  Another 
case,  together  with  another  individual  of  Uie  same  species,  was  met  with  in 
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Roderick  Morchison,  M.  de  Verneuil,  and  Count  Keyserling 
also  remark,  when  describing  the  range  and  boundaries  of  the 
erratic  blocks  of  Russia,  that  the  area  of  the  districts  of  Perm, 
Viatka,  and  Orenburg,  was  probably  ''above  the  waters  and 
inhabited  by  mammoths"  *  at  this  period. 

With  regard  to  the  probable  habits  and  food  of  the  elephant 
{Eiephas  primiffenius)^  and  the  rhinoceros  (-B.  tichorhinu8\ 
the  researches  of  Professor  Owen  have  shown,t  that  on  physio- 

the  same  year,  (1843,)  in  latitade  75°  15'  N.,  near  the  river  Taimyr,  with  the 
flesh  decayed.  It  was  embedded  in  strata  of  clay  and  sand,  with  erratic  blocks, 
at  about  15  feet  aboTC  the  level  of  the  sea.  In  the  same  deposit,  M.  Midden- 
dorf  discovered  the  trunk  of  a  larch  tree  (Ptnux  larix),  the  same  wood  as  that 
now  carried  down  in  abundance  by  the  Taimyr  to  the  Arctic  Sea-  There  were 
also  associated  fossil  shells  of  living  northern  species,  and  which  are  moreover 
characteristic  of  the  drift,  or  glacial  deposits  of  Europe.  Among  these  Nucula 
pjfgnuta,  Tellina  calcarea^  Mya  truncata,  and  Saxacava  rugosa^  were  con- 
spicuous."— Lyeirs  Principles,  7th  edition,  p.  83. 

*  AUuding  to  their  map,  it  is  further  observed  that  this  probably  happened 
<'  when  the  erratic  blocks  were  transported  over  the  adjacent  north-western  line 
marked  in  the  map,  as  the  extreme  boundary  of  the  granitic  erratics,  which 
were,  we  believe,  stranded  on  or  near  the  shelving  shore  of  this  ancient  land." 
— Geology  of  Russia,  vol.  1.,  p.  522. 

t  "History  of  British  Fossil  Mammals  and  Birds,"  1846.  To  the  previous 
inference  that  the  elephant,  fh>m  its  warm,  woolly,  and  hairy  coat,  was  an 
animal  fitted  to  live  in  a  cold  climate,  (the  skin  of  the  carcase  from  the  Lena, 
and  the  ground  on  which  it  fell,  affording  many  pounds  weight  of  reddish  wool 
and  coarse  long  black  hairs,)  Professor  Owen  showed  that  its  teeth  especially 
were  adapted  for  the  apparently  cold  climate  in  which  its  remains  have  been  so 
abundantiy  detected.  **  The  molar  teeth  of  elephants  possess,"  observes  the 
Professor,  **  a  highly-complicated,  and  a  very  peculiar  structure,  and  there  are 
no  other  quadrupeds  that  derive  so  great  a  proportion  of  their  food  fVom  the 
woody  fibre  of  the  branches  of  trees.  Many  mammals  browse  the  leaves ;  some 
small  rodents  gnaw  the  bark ;  the  elephants  alone  tear  down  and  crunch  the 
branches,  the  vertical  enamel-plates  of  their  huge  grinders  enabling  them  to 
pound  the  tough  vegetable  tissue  and  fit  it  for  deglutition.  No  doubt  the  foliage 
IS  the  more  tempting,  as  it  is  the  most  succulent  part  of  the  boughs  devoured ; 
but  the  relation  of  the  complex  molars  to  the  comminution  of  the  coarser  vege- 
table substance  is  unmistakable.  Now,  if  we  find  in  an  extinct  elephant  the 
same  peculiar  principle  of  construction  in  the  molar  teeth,  but  with  augmented 
complexity,  arising  from  a  g^reater  number  of  triturating  plates,  and  a  greater 
proportion  of  the  dense  enamel,  the  inference  is  plain  that  the  ligneous  fibie 
must  have  entered  in  a  larger  proportion  into  the  food  of  such  extinct  species. 
Forests  of  hardy  trees  and  shrubs  still  grow  upon  the  frozen  soil  of  Siberia,  and 
skirt  the  banks  of  the  Lena  as  far  north  as  latitude  60°.  In  Europe  arboreal 
vegetation  extends  ten  degrees  nearer  the  pole  ;  and  the  dental  organization  of 
the  mammoth  proves  that  it  might  have  derived  subsistence  from  the  leafless 
branches  of  trees,  in  regions  covered  during  a  part  of  the  year  with  snow."^ 
p.  267. 
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logical  grounds  the  Elephas  primigenius  ^^  would  have  found 
the  requisite  means  of  subsistence  at  the  present  day,  and  at 
all  seasons  in  the  sixtieth  parallel  of  latitude,"  so  that  by 
adopting,  with  Prof.  Playfair  and  Sir  Charles  Lyell,  the  inference 
that  this  animal  migrated  northwards  during  the  warmer  parts 
of  the  year,  as  many  northern  mammals  now  do,  the  mammoth, 
as  that  kind  of  extinct  elephant  has  been  termed,  would  have 
lived  easily  on  the  land  considered  to  have  been  above  water  at 
this  period.  The  Professor  adds,  ^'  in  making  such  excursions 
during  the  heat  of  that  brief  season  (the  northern  summer), 
the  mammoths  would  be  arrested  in  their  northern  progress 
by  a  condition  to  which  the  reinsieer  and  musk-ox  are  not 
subject,  viz.,  the  limits  of  arboreal  vegetation,  which,  however, 
as  represented  by  the  diminutive  shrubs  of  Polar  lands,  would 
allow  them  to  reach  the  seventieth  degree  of  latitude." 
With  regard  to  the  habits  and  food  of  the  two-homed  rhino- 
ceros,* found  frozen  in  Siberia,  the  inferences  do  not  appear 
so  clear  as  for  the  mammoth.  From  the  greater  amount  of 
hair  found  on  the  extinct  and  frozen  rhinoceros,  noticed  by 
Pallas,  than  upon  existing  rhinoceroses,  he  seems  to  have 
concluded  that  it  might  have  lived  in  the  temperate  regions 
of  Asia.  Professor  Owen  remarks  that,  ^*  although  the 
molar  teeth  of  the  Rhinoceros  tichorhinus  present  a  specific 
modification  of  structure,  it  is  not  such  as  to  support  the  in- 
ference  that  it  could  have  better  dispensed  with  succulent 
vegetable  food  than  its  existing  congeners ;  and  we  must  sup- 
pose, therefore,  that  the  well-clothed  individuals  who  mi^t 
extend  their  wanderings  northwards  during  a  brief  but  hot 
Siberian  summer,  would  be  compelled  to  migrate  southward  to 
obtain  their  subsistence  during  winter."  f 

Considering  the  general  evidence  thus  adduced  as  to  the 
climate  of  Northern  Europe  at  this  geological  time,  we  have 
to  suppose  a  considerable  depression  of  a  large  area  beneath 
the  level  of  the  Atlantic ;  an  increase  of  cold,  causing  gladers 

*  The  horns  of  this  rhinoceros  have  been  asoertained  to  have  been  of  larg* 
sue.  One  of  the  boms  of  an  indiyidoal,  probably  the  front  or  nasal  bom* 
in  the  Mosenm  at  Moscow,  measures,  according  to  Professor  Oven,  nearly 
three  feet  in  length. 

t  **  History  of  British  Fossil  Mammals  and  Birds,"  1846,  p.  353. 
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to  descend  into  the  sea  in  Scandinavia,  and  even  perhaps  in 
the  British  Islands ;  a  great  increase,  if  not  extension  into  the 
sea,  of  the  glaciers  of  the  Alps,  icebergs  and  coast  ice  distri- 
buting masses  and  minor  fragments  of  rocks  over  a  consider- 
able European  area,  as  also  the  shingles  of  beaches,  sand,  and 
mud,  accompanied  by  the  transported  remains  of  terrestrial 
and  marine  creatures,  and  a  movement  of  land  plants,  with  ter- 
restrial and  marine  animals,  in  accordance  with  the  low  tempe- 
rature then  existing.  The  amount  of  land  rising  above  the 
sea,  prior  to  the  inferred  depression,  is  uncertain.  It  may 
have  been  more  or  less  than  that  which  we  now  find,  though 
deposits  of  varied  thickness  were  accumulated  at  this  time,  and 
now  constitute  a  part  of  the  dry  land  of  Europe,  and  probably 
also  a  portion  of  the  bottom  of  the  adjoining  seas. 

Respecting  the  great  mammals,  the  carcases  of  which  have 
been  so  well'  preserved  in  Siberia,  and  admitting,  with  Pro- 
fessor Owen,  their  perfect  fitness  to  have  lived  in  a  climate 
such  as  that  at  present  found  in  Northern  Europe  and  Asia, 
up  to  a  high  latitude,  we  have  to  consider  that  at  the  time  of 
greater  cold,  their  food  being  adjusted  to  it,  their  range,  even 
in  the  summer  season,  would  be  more  limited  northward,  not 
only  by  any  coasts  which  might  then  be  thrown  back  by  the 
depression  beneath  the  sea  level,  but  also  by  the  supposed 
decreased  temperature.  The  great  rivers,  flowing  northward, 
would,  as  Humboldt,  Sir  Charles  Lyell,  and  Sir  Roderick 
Murchisoa  have  pointed  out,  be  then  under  similar  conditions  as 
at  present,  their  embouchures  exposed  to  lower  temperatures 
than  their  courses  in  more  temperate  regions,  such  courses, 
though  somewhat  shorter,  being  still  liable,  as  now,  to  be 
blocked  up  by  ice  at  their  mouths. .  In  such  a  state  of  things 
there  is  little  difficulty  in  inferring  that  the  elephants  and 
rhinoceroses  lived,  as  they  are  supposed  to  have  done,  in  a 
climate  of  low  temperature,  and  that  their  remains  were  buried 
in  the  detritus  accmnulated  in  lakes  and  at  the  embouchures  of 
the  northern  rivers  of  the  time,  numerous  carcases  washed  out 
to  sea  and  preserved  amid  ice,  or  frozen  mud  and  sand,  among 
deposits  containing  the  remains  of  marine  molluscs,  such  as 
are  now  living  in  the  adjoining  Arctic  sea. 
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The  cause  of  the  extinction  of  the  great  mammals  men- 
tioned requires  much  consideration,  and  a  careiul  observation 
of  the  facts  connected  with  the  entombment  and  preservation 
of  their  remains.  Humboldt  has  remarked  that  the  low  tempe- 
rature at  present  experienced  across  Poland  and  Russia  to  the 
Ural  mountains,  "  is  to  be  sought  in  the  form  of  the  conti- 
nent being  gradually  less  intersected,  and  becoming  more 
compact  and  extended, — in  the  increasing  distance  from  the 
sea, — and  in  the  feebler  influence  of  westerly  winds.  Beyond 
the  Ural,  westerly  winds  blowing  over  wide  expanses  of  land, 
covered  during  several  months  with  ice  and  snow,  become  cold 
land  winds.  It  is  to  such  circumstances  of  configuration  and 
of  atmospheric  currents  that  the  cold  of  Western  Siberia  is 
due."*  By  the  immersion  of  the  present  dry  land  to  the 
extent  supposed,!  unaccompanied  by  the  general  decrease  of 
temperature  inferred  in  Northern  Europe,  there  might,  no 
doubt,  be  reason  to  expect  that  such  northern  portions  of 
European  and  Asiatic  Russia  as  were  above  water  would  have 
a  higher  temperature  than  at  present,  but  how  far  this  would 
be  met  by  such  a  decrease  of  the  present  temperature  of  Scan- 
dinavia, the  British  Isles,  and  a  portion  of  Central  Europe, 
that  glaciers  descended  to  the  then  sea  level,  it  is  more  difficult 
to  infer.  Because  icebergs  may  have  floated  from  Scandinavia, 
and  have  become  stranded  on  the  shores  of  the  districts  of  Perm, 
Viatka,  and  Orenberg,  and  thence  along  the  line  pointed  out 
by  Sir  Roderick  Murchison,  M.  de  Vemeuil,  and  Count 
Keyserbeg  to  the  westward,  it  is  not  a  necessary  inference  that 
the  temperature  of  those  regions,  making  every  allowance  for 
the  influence  of  multitudes  of  icebergs  at  certain  seasons,  had 
been  very  low,  more  than  that  the  temperature  of  Newfound- 
land should  be  that  of  Greenland  and  Baffin's  Bay,  whence 
the  icebergs  stranded  near  it  are  derived.  Even  supposing 
that  as  the  land  rose  the  temperature  of  Siberia  became  such 
as  we  now  find  it,  it  does  not  seem  to  follow,  judging  from  the 

Cofimos,  7tli  Edit.  (Sabine's  Translation),  toI.  i.  p.  323. 
The  observer  would  do  well  to  refer  to  the  map  given  by  the  anthers  of 
Geology  of  Russia  in  Europe,  and  the  Ural,  for  the  area  bounding  the 
jurrence  of  erratic  blocks. 
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researches  and  reasoning  of  Professor  Owen,  that  the  mam- 
moths necessarily  perished  from  cold  or  the  want  of  food.  * 
Assuming  that  the  great  cold  was  unfavourable  to  their  conti- 
nuance in  Siberia,  that  the  country  towards  the  mountains  on 
the  south  was  equally  so  to  their  habits,  and  that  thus  they 
may  have  been  there  extirpated,  the  same  reasoning  does  not 
seem  to  apply  so  well  to  the  districts  on  the  west  of  the  Ural. 

It  is  now  well  known  that  the  mammoths  must  once  have 
existed  widely  spread  over  the  northern  portions  of  Europe, 
Asia,  and  America;  whence  the  needful  inference,  on  the 
hypothesis  that  they  all  proceeded  from  a  common  stock,  or 
centre,  that  they  spread  themselves  over  continuous  portions  of 
land,  dry  for  the  time,  however  now  separated  they  may  be  by 
seas.  Their  remains  are  not  uncommon  in  Great  Britain, 
though  less  so  apparently  in  Ireland,  and  Professor  Owen  has 
pointed  out  the  connection  of  these  islands  with  Europe  when 
these  and  other  contemporary  animals  passed  into  them.t    The 

*  On  thU  subject  Professor  Owen  remarks,  that  "  with  regard  to  the  geogra- 
phical range  of  the  Elephas  prindgenius  into  temperate  latitudes,  the  distri- 
bution of  its  fossil  remains  teaches  that  it  reached  the  fortieth  degree  north  of 
the  equator.  History,  in  like  manner,  records  that  the  rein-deer  had  formerly 
a  more  eztennve  distribution  in  the  temperate  latitudes  of  Europe  than  it  now 
enjoys.  The  hairy  covering  of  the  mammoth  concurs,  however,  with  the  loca- 
lities of  its  most  abundant  remains,  in  showing  that,  like  the  rein-deer,  the 
northern  extreme  of  the  temperate  zone  was  its  metropolis.  Attempts  have 
been  made  to  account  for  the  extinction  of  the  race  of  northern  elephants  by 
alterations  in  the  climate  of  their  hemisphere,  or  by  violent  geological  catas- 
trophes, and  the  like  extraneous  causes.  When  we  seek  to  apply  the  same 
hypothesis  to  explain  the  apparently  contempocaneons  extinction  of  die  gigantic 
leaf-eating  megatberia  of  South  America,  the  geological  phenomena  of  that  con- 
tinent appear  to  negative  the  occarrence  of  such  destructive  changes.  Our 
comparatively  brief  experience  of  the  progress  and  duration  of  species  within 
the  historical  period,  is  surely  insufficient  to  justify,  in  eveiy  case  of  extinction, 
the  verdict  of  violent  death.  With  regard  to  many  of  the  larger  mammalia, 
especially  those  which  have  passed  away  from  the  American  and  Australian 
continents,  the  absence  of  sufficient  signs  of  extrinsic  extirpating  change  oi 
convulsion,  makes  it  almost  as  reasonable  to  speculate  with  Brocehi,  on  thr 
possibility  that  species,  like  individuals,  may  have  had  the  cause  of  their  death 
inherent  in  their  original  constitution,  independentiy  of  changes  in  the  external 
world,  and  that  the  term  of  their  existence,  or  the  period  of  exhaustion  of  the 
prolific  force,  may  have  been  ordained  fh>m  the  commencement  of  each 
species."— History  of  British  Fossil  Mammals  and  Birds,  p.  269. 

t  "History  ofBritish  Fossil  Mammals  and  Birds,"  1846,  Introduction,  p.  xxxvi. 
**  IV  Professor  Owen  observes,  **  we  regard  Great  Britain  in  connection  with 
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depth  of  Behring's  Straits  is  comparatively  trifling,  yaryiDg 
from  132  to  192  feet,  so  that  we  feel  little  surprise  in  finding 
at  Eschscholtz  Bay,  in  about  66°  20'  N.  on  the  North 
American  shores,  inside  the  Straits,  the  remains  of  the 
Elephas  primiffeniuSf  associated  with  the  bones  of  the  nniSy 
deer,  horse,  and  musk  ox,  in  a  cliff  about  90  feet  high,  ex- 
tending about  2^  miles  in  length.  These  remains  were  first 
noticed  by  Dr.  Eschscholtz,  (during  Kotzebue's  voyage,)  in 
1816,  and  the  bones  were  supposed  to  be  embedded  in  ice ; 
but  the  observations  of  Captain  Beechey's  party,  in  1826, 
showed  that  the  ice  was  merely  superficial,  arising  from  the 
freezing  of  water  descending  over  the  face  of  the  cliff,  and 
that  the  remains  of  these  mammals  were  really  embedded  in 
a  deposit  of  clay  and  fine  quartzoze  and  micaceous  sand.  A 
smell,  as  of  heated  bones,  was  observed  where  the  animal 
remains  abounded.* 

This  facing  of  ice  having  been  thus  deceptive,  Dr.  Buck- 
land  was  led  to  infer  f.  that  there  also  might  have  been  some 
error  respecting  the  elephant  of  the  Lena  having  really  been 
encased  in  ice,  and  not  in  mud,  the  face  of  which  was  covered 
by  ice,  as  at  Eschscholtz  Bay.  Correct  observations  respecting 
the  mode  of  occurrence  of  the  animals  preserved  in  a  compa- 
ratively fresh  state,  with  their  fleshy  portions  in  part  or  wholly 
remaining,  are  somewhat  important,  inasmuch  as,  if  found  in 


the  rest  of  Europe,  and  if  ve  extend  our  view  of  the  geographical  dUstrihatkm 
of  extinct  mammals  beyond  the  limits  of  technical  geography, — and  it  needs  but 
a  glance  at  the  map  to  detect  the  artificial  character  of  the  line  which  diTidet 
Europe  from  Asia, — we  shall  there  find  a  close  and  interesting  correspondence 
between  the  extinct  Europeeo- Asiatic  Mammalian  Fauna  of  the  pliocene  period 
and  that  of  the  preset  day.  The  very  fiict  of  the  pliocene  fossil  mammalia  of 
England  being  almost  as  rich  in  generic  and  specific  forms  as  those  of  Europe, 
leads,  as  already  stated,  to  the  inference  that  the  intersecting  branch  of  the 
ocean  which  now  divides  this  island  fh)m  the  continent  did  not  then  exist  as  a 
barrier  to  the  migration  of  the  mastodons,  mammoths,  rhinoceroses^  hippopo- 
tamuses, bisons,  oxen,  horses,  tigers,  hysenas,  bears,  &c.,  which  have  lefk  such 
abundant  traces  of  their  former  existence  in  the  superficial  deposits  and  cayes 
of  Great  Britain." 

♦  "  Beechey's  Voyage  to  the  Pacific  and  Behring^s  Straits."    The  bones  were 

uunined,;and  the  animals  to  which  they  belonged  were  determined  by  Dr. 

uckland. 

t  Ibid. 
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ice,  we  have  to  infer  either  that  such  ice  had  always  remained 
unthawed  in  the  atmosphere,  (at  least  so  far  as  the  portions 
enveloping  the  animals  were  concerned,)  from  the  time  when 
these  mammals  were  encased  in  it  to  the  present  time,  or  that  it 
became  depressed  beneath  detrital  accumulations  of  the  period, 
and  also  remained  unthawed,  until  the  whole  being  elevated  again 
into  the  atmosphere,  it  became,  with  the  accumulations  among 
which  it  had  been  buried,  exposed  to  the  climatal  and  denuding 
conditions  of  the  present  day.  Though  there  would  be  difficulty 
in  submerging  ice,  from  its  specific  gravity,  beneath  water,  and 
especially  sea-water,  unless  sufficiently  well  loaded  with  detritus 
to  render  this  of  the  proper  kind,  it  may  readily  happen  that,  in 
very  cold  climates,  coast-ice  may  be  anchored,  so  to  speak,  in 
such  a  manner  by  penetrating  amid  shingles,  sand,  or  mud 
beneath,  that  it  could  be  covered  over  in  part,  or  in  thickness, 
according  to  variations  in  seasons,  by  detrital  matter,  so  as 
to  be  in  the  condition  to  descend,  thus  covered  over,  to  those 
depths  where  it  could  remain  unthawed,  with  any  animals  en- 
tombed in  it.  Indeed,  certain  facts  noticed  by  travellers  and 
voyagers  in  the  Arctic  regions  would  lead  us  to  infer  that  this 
might  be  the  case,  and  accounts  are  given  of  beds  of  actual  ice 
being  found  beneath  detrital  deposits  in  those  regions.*  De- 
scended to  a  proper  depth  beneath  the  surface,  but  not  sufficient 
to  bring  it  within  the  influence  of  the  heat  found  to  exist 
beneath  certain  depths  in  different  parts  of  the  globe,  ice  might 
remain  there,  only  to  be  thawed  by  a  great  increase  in  the 
temperature  of  the  general  climate,  or  by  being  again  elevated, 
with  a  sufficient  denudation  of  protecting  detritus,  so  that  the 
heat  of  the  atmosphere  in  summer  would  dissolve  it,  and  dis- 
close any  animal  remains  which  may  have  been  therein  pre- 
served. At  the  same  time,  mud  and  silt,  into  which  the  bodies 
of  such  animals  as  the  elephants  and  rhinoceroses,  above  noticed, 
may  have  been  borne  during  floods,  could  readily  have  become 


*  M.  Middendorf  informed  Sir  Charles  LyeU,  that  in  1843  "  he  had  bored 
in  Siberia  to  the  depth  of  70  feet»  and,  after  pasting  through  much  fVoien  soil 
mixed  with  ioe,  had  come  down  upon  a  solid  mass  of  pure  transparent  ice,  the 
thickness  of  which,  after  penetrating  two  or  three  yards,  they  did  not  ascer- 
tain."—Principles  of  Geology,  7th  Edition,  p.  86. 
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frozen,  and  covered  with  other  detritus,  and  thus  descending, 
have  retained,  from  what  we  learn  of  the  depth  to  which  the 
frozen  ground  extends  in  Siberia — a  depth  apparently  very  dif- 
ferent from  that  found  in  North  America,  in  the  same  latitudes — 
the  remains  of  the  animals  in  as  fresh  a  state  as  when  first 
embedded  in  them^  to  a  level,  beneath  that  of  the  sea,  of  400 
feet,  if  the  cold  approached  that  now  experienced  in  northern 
Siberia.* 

Ossiferous  Caverns  and  Osseous  Breccia. — While  on  tlie  sub- 
ject of  the  bodies  of  elephants  and  rhinoceroses  found  thus  well 
preserved  in  Siberia, — ^and  no  where,  as  has  often  been  remarked, 
are  the  remains  of  the  Elephas  primigeniris  more  abundant  than 
in  the  lowlands,  adjoining  the  icy  sea  of  Northern  Asia,f — ^it 

*  The  depth  to  which  frozen  mud  and  sand  could  descend  in  these  regions, 
withoat  being  thawed  by  the  influence  of  terrestrial  heat  beneath,  would  appear 
from  the  information  of  M.  Helmersen,  (Observations  on  a  Pit  sunk  at  Jakoutsk. 
Ann.  des  Mines  de  Russie,  yoI.  y.,  18380  ^  ^  between  300  and  400  feet.  On 
the  25th  April,  1837,  the  temperature  of  the  bottom,  378  (English)  feet  deep, 
was  31°  *1,  the  strata  on  the  sides  of  the  pit  at  75  feet  being  21°*  2  Fahr. 
The  accumulations  passed  through,  were  composed  of  clay,  sand,  and  lignite, 
mixed  with  ice. 

Some  experiments  made  by  M.  Middendorf,  as  reported  to  the  Academy  of 
Sciences  of  St.  Petersburgh  in  1844,  showed  that,  in  a  shaft  and  the  galleries 
of  some  works  near  the  Lena,  and  at  a  depth  of  384  (English)  feet,  the  frosen 
crust  was  still  not  passed  through,  though  a  marked  gradual  increase  of  tem- 
perature was  observed  in  the  descent.  While,  in  one  series  of  experiments,  a 
thermometer,  in  the  ground,  7  feet  from  the  surface,  gave  on  the  25th  March, 
— 1°  Fahr.,  the  temperature  gradually  advanced  beneath  to  26°  •  6  Fahr.  Accord- 
ing to  M.  Erman,  (Proceedings  of  the  Academy  of  Sdeuces  at  St.  Petersburgh, 
1838,)  the  depth  of  ground  thawed  in  September,  1838,  in  Northern  Siberia,  was 
4  feet  8  inches  in  woody  tracts,  and  6  feet  8  inches  in  the  marshy  situations. 

From  Sir  John  Richardson  having  found  the  depth  of  the  froaen  ground  not 
to  exceed  26  feet  at  Fort  Simpson,  on  the  Mackenzie,  a  station  in  the  same 
latitude  as  Jakoutsk,  (62°  N.)  M.  d'Archiac  has  inferred  (Histoire  des  Progrte 
de  le  Geologic,  vol.  i.  p.  88,)  that  the  cold  must  be  far  more  intense  in  Northern 
Asia  than  in  North  America,  at  these  high  latitudes.  Under  this  view,  Uie 
bodies  of  animals  could  now  be  preserved  in  Northern  Siberia,  by  descending 
and  ascending  land,  which  could  not  be  so  preserved  in  North  America. 

t  Dr.  Mantell  states  (Wonders  of  Geology,  vol.  i.  p.  148,  6th  Edition,  1848,) 
that,  a  company  of  merchants  having  been  formed  in  1844,  to  collect  fossil 
ivory  in  Siberia,  sixteen  thousand  pounds  of  jaws  and  tusks  of  mammoths  were 
obtained  during  the  year,  and  these  were  sold  at  St  Petersburg,  under  the 

nomination  of  Siberian  ivory,  at  prices  from  30  to  100  per  cent  aboTe  those 
recent  elephantine  ivory. 

From  the  researches  of  M.  Hedenstrom,   multitudes  of  the    remains  of 
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may  be  desirable  to  consider  the  remains  of  the  same  kinds  of 
elephant  and  rhinoceros,  with  those  of  contemporary  mammals, 
found  embedded  amid  accumulations  in  caves  and  clefts  of 
rock.  The  connection  of  the  British  .islands  with  the  continent 
of  Europe  and  Asia  has  been  above  noticed  (p.  333),  as  needed 
for  the  migration  of  the  Elephas  primigenius  and  Rhinoceros 
ticharhinus  into  the  former,  the  remains  of  these  mammals  so 
occurring  as  to  leave  no  room  for  doubting,  that  the  animals 
themselves  here  found  the  conditions  fitted  for  their  existence 
and  increase.*    The  observer  has  carefully  to  consider  the 

elephants^  rhinoceroses,  oxen,  and  other  mammalia  occur  in  the  frozen  ground 
between  the  Lena  and  the  Kolima,  and  he  mentions  that  one  of  the  islands 
of  New  Siberia,  or  the  Liakhor  Islands,  in  the  Arctic  Ocean,  off  the  coast  of 
Siberia^  between  the  embouchures  of  the  Lena  and  Indigirka,  is  composed  of 
little  else  than  a  mass  of  mammoth  bones,  which  has  been  worked  for  many 
jears  by  the  traders  for  the  fossil  ivory  it  yields. 

This  statement  is  confirmed  by  those  of  other  travellers.  The  high  pre- 
servation of  fossil  ivory  is  not  confined  to  Siberia.  Mr.  Bald  mentions  (Wer- 
nerian  Transactions,  vol.  iv.)  that  tusks  found  between  Edinburgh  and  Selkirk 
were  made  into  chessmen. 

*  Respecting  ibe  mammals  existing  at  this  time  in  the  area  of  ]he  British 
Islands,  Proftssor  Owen  remarks,  (History  of  British  Fossil  Mammals — Intro- 
dnciionf)  after  noticing  the  probable  disappearance  of  the  mastodon  from  it, 
that  **  "^gantic  elephants  of  nearly  twice  the  bulk  of  the  largest  individuals 
that  now  exist  in  Ceylon  and  Africa,  roamed  here  in  herds,  if  we  may  judge  from 
the  abundance  of  their  remains^  Two-homed  rhinoceroses,  of  at  least  two 
species,  forced  their  way  through  the  andent  forests,  or  wallowed  in  the  swamps. 
The  lakes  and  rivers  were  tenanted  by  hippopotamuses  as  bulky  and  with  as 
ibrmidable  tusks  as  those  of  Africa.  Three  kinds  of  wild  oxen,  two  of  which 
were  of  colossal  sise  and  strength,  and  one  of  these  maned  and  villous  like  the 
bonassus,  found  subsistence  in  the  plains.  Deer,  as  gigantic  in  proportion  to 
existing  species,  were  the  contemporaries  of  the  old  Uri  and  Bisontes,  and 
may  have  disputed  with  them  the  pasturage  of  that  ancient  land  ;  one  of  these 
extinct  deer  is  well-known  under  the  name  of  the  *  Irish  Elk,'  from  the  enor- 
mous expanse  of  its  broad-palmed  antlers  [the  Professor  states  elsewhere.  Hist. 
Brit.  Foss.  Mammals,  p.  467,  that  the  remains  of  this  animal  have  been  found  in 
the  ossiforous  cavern  of  Kent's  Hole,  Devon] ;  another  had  horns  more  like  that 
of  the  wapiti,  but  surpassed  that  great  Canadian  deer  in  bulk ;  a  third  extinct 
species  more  resembled  the  Indian  hippelaphns;  and  with  these  were  asso- 
ciated the  red  deer,  the  rein-deer,  the  roebuck  and  the  goat  A  wild  horse,  a 
wild  ass  or  quagga,  and  the  wild  boar,  entered  also  into  the  series  of  British 
pliocene  hoofed  mammalia. 

**  The  camivora,  organized  to  enjoy  a  life  of  rapine  at  the  expense  of  the 
vegetable-feeders,  to  restrain  their  undue  increase,  and  abridge  the  pangs  of 
the  maimed  and  sickly,  were  duly  adjusted  in  numbers,  size,  and  ferocity  to 
the  fell  t^sk  assigned  to  them  in  the  organic  economy  of  the  pre-Adamitic 
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evidence  afforded  as  to  the  precise  geological  period  when  these 
great  mammals  thus  prospered  upon  lands  now  divided  from 
the  continent  by  sea,  which  it  would  appear  scarcely  probable 
they  safely  crossed,  either  by  will  or  accident.  The  geological 
time  when  the  needful  connection  was  formed  between  the 
British  islands  and  the  continent  of  Europe,  so  that  these  and 
other  contemporary  mammals  freely  roamed  from  the  one  part 
of  a  general  area  to  the  other,  becomes,  therefore,  a  matter  of 
no  slight  interest. 

The  observer  has  to  bear  in  mind  that,  during  any  modified 
distribution  of  land  and  sea  formerly  existing,  by  which  depo- 
sits were  accumulated,  and  the  carcases  of  animals  were 
floated  out  to  sea,  or  swept  into  fresh- water  lakes,  so  that  their 
harder  parts  became  embedded  in  calcareous  matter,  mud, 
silt,  or  gravel,  the  lighter  portions  of  the  accumulation,  amid 
which  they  were  entombed,  would,  as  now  in  the  German  Ocean 
and  some  other  parts  of  the  sea  adjacent  to  the  British  islands, 

world.  Besides  a  British  tiger  of  larger  size,  and  with  proportionally  larger 
paws  than  that  of  Bengal,  there  existed  a  stranger  feline  animal  {Machairodus) 
of  eqaal  size,  whidi,  from  the  great  length  and  sharpness  of  its  sabre-shaped 
canines,  was  probably  the  most  ferocious  and  destmctive  of  its  peculiarly  car- 
nivorous fieimily.  Of  the  smaller  felines,  we  recognise  the  remains  of  a  leopard, 
or  large  lynx,  and  of  a  wild  cat 

**  Troops  of  hyeenas,  larger  than  the  fiesoe  crocuta  of  South  AfHca,  which 
they  most  resembled,  crunched  the  bones  of  the  carcases  relinquished  by  the 
nobler  beasts  of  prey;  and,  doubtless,  often  themseWes  waged  the  war  cf  de- 
struction on  the  feebler  quadrupeds.  A  savage  bear,  surpassing  in  size  the 
Ursusferox  of  the  Bocky  Mountains,  found  its  hiding-place^  like  the  hysena,  in 
many  of  the  existing  limestone  caverns  of  England.  With  the  Onus  tpdans 
was  associated  another  bear,  more  like  the  common  European  spe<nes,  bnt 
larger  than  the  present  individuals  of  the  Urau  Arctot,  WoWes  and  Ibxes, 
the  badger,  the  otter,  the  foumart,  and  the  stoat,  complete  the  category  of  the 
pliocene  camiyora  of  Briudn. 

**  Bats,  moles,  and  shrews  were  then,  as  now,  the  forms  that  preyed  upon 
the  insect  world  in  this  island.  Good  evidence  of  a  fossil  hedgehog  has  not 
yet  been  obtained ;  but  the  remains  of  an  extinct  insectivore  of  equal  size,  and 
with  closer  affinities  to  the  mole-tribe,  have  been  discoYered  in  a  pliocene 
formation  in  Norfolk.  Two  kinds  of  beaver,  hares  and  rabbits,  water-voles, 
and  field-voles,  rats  and  mice,  richly  represented  the  Rodent  order.  The 
greater  beaver  (DrogorUherium)  and  the  tail-less  hare  {Lagomys)  were  the  only 
sub-generic  forms,  perhaps  the  only  species,  of  the  pliocene.  G^ec  that  have 
not  been  recognized  as  existing  in  Britain  within  the  historic  period.  The 
^ewer  tertiary  seas  were  tenanted  by  cetacea,  either  generically  or  specifically 
ientical  with  those  that  are  now  taken  or  cast  upon  our  shores." 
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be  liable  to  be  washed  off,  either  at  the  proper  depths  beneath 
the  surface  of  the  sea  by  the  action  of  the  wind-waves,  or  on 
the  shores  by  the  breakers,  when  changes  of  level  of  the  sea 
and  land  so  took  place  that  this  action  could  be  experienced. 
Tusks,  teeth,  and  the  b9nes  of  the  JElephas  primigenius  have 
thus  been  fished  up  by  the  trawlers  and  dredgers  on  the  south- 
east of  England,  and  in  a  state  sometimes  showing  little  marks  of 
attrition,  bearing  more  the  appearance  of  having  been  merely 
relieved,  by  the  wave  action,  of  the  mud,  silt,  or  sand  which  once 
enveloped  them.*  Supposing  the  elephants  and  rhinoceroses, 
with  other  contemporary  animals,  the  remains  of  which  are 
found  with  those  of  these  mammals,  to  have  been  spread  over 
|he  land  prior  to  the  great  depression,  accompanied  by  in- 
creased cold,  as  above  noticed,  and  that  they  gradually  re- 
treated before  the  advance  of  the  sea,  diminishing  the  amount 


*  Prolissior  Oven,  in  hit  "  History  of  British  Fossil  Mammals,"  mentions 
(p.  246),  that  ^  most  of  the  largest  and  best-preserved  tasks  of  the  British  mam- 
moth, have  been  dredged  up  Arom  submarine  drift  near  the  coasts.  In  1827,  an 
enormous  tosk  was  landed  at  Ramsgate ;  although  the  hollow  implanted  base 
was  wanting,  it  still  measured  9  feet  in  length,  and  its  greatest  diameter  was 
S  inches ;  the  outer  orust  was  decomposed  into  thin  layers,  and  the  interior  por- 
tion had  been  reduced  to  a  soft  substance  resembling  putty.  A  tusk,  likewise 
much  decayed,  wluoh  was  dredged  up  off  Dungeness,  measured  1 1  feet  in  length ; 
and  yielded  some  pieces  of  iytury  fit  fbr  manufketure.  Captain  Byam  Martin, 
who  has  recorded  tlus  and  other  discoveries  of  remains  of  the  mammoth  in  the 
British  Channel  (Geological  Transactions,  second  series,  yoI.  vi.  p  161),  pro- 
cured a  section  of  ivory  near  the  alveolar  cavity  of  the  Dungeness  tusk,  of  an 
oval  form,  measuring  19  inches  in  drcum&rence.  A  tusk  dredged  up  from  the 
Goodwin  Sands,  which  measured  6  feet  6  inches  in  length,  probably  belonged  to 
a  female  mammoth."  •  •  <«  xhis  tusk  was  sent  to  a  cutler  at  Canterbury,  by 
whom  it  was  sawed  into  five  sections,  but  the  interior  was  found  to  be  fossilized 
and  unfit  for  use."  *  *  •«  The  tusks  of  the  extinct  elephant,  which  have  reposed 
for  thousands  of  years  in  the  bed  of  the  ocean  which  washes  the  shore  of  Bri- 
tain, are  not  always  so  altered  by  time  and  the  action  of  surrounding  influences, 
as  to  be  unfit  for  the  purposes  to  which  recent  ivory  is  applied."  Mr.  Charles- 
worth,  after  mentioning  that  a  large  lower  jaw  of  a  mammoth,  of  which  he 
gives  a  figure  (Magazine  of  Natural- History,  new  serieSf  vol.  iiL,  p.  348, 1839), 
had  been  dredged  up  off  the  Dogger  Bank,  in  1837,  and  quoting  Mr.  Wood- 
ward (Geology  of  Norfolk),  as  stating  that  more  than  2000  elephants'  teeth 
had  been  dredged  up  off  Hasbro',  on  the  Norfolk  coast,  in  13  ycars^  relates  that 
a  mammoth's  tusk,  dredged  up  by  some  Yarmouth  fishermen  off  Scarborough, 
about  1836,  was  so  slightly  altered  in  character,  that  it  was  sawn  up  into  as 
many  pieces  as  there  were  men  in  the  boat,  each  claiming  his  share  of  the 
ivory.    One  portion  was  preserved  in  the  collection  of  Mr.  Fitch,  of  Norwich. 

z  2 
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of  low  ground,  the  original  connection  between  the  British 
islands  and  the  land  of  the  continent  may  have  more  resembled 
that  shown  as  the  boundary  of  the  600  feet  depth,  (Figs.  65  and 
102,)  than  that  which  we  now  find.  In  such  a  state  of  this  part 
of  Europe  there  would  be  an  ample  area  of  continuous  dry 
land  for  the  range  of  the  elephants,  rhinoceroses,  and  their  con- 
temporary,  but  the  now  extinct  species  of  hippopotamus,  oxen, 
deer,  tiger,  leopard,  hyaena,  bear,  and  other  mammals.  Accu- 
mulations of  bones  could  readily,  as  the  land  became  depressed, 
be  washed  out  of  any  lacustrine  or  fluviatile  accumulations 
amid  which  they  might  have  been  embedded,  and  be  mingled 
with  marine  remains  of  the  gradually  encroaching  seas,  some- 
times being  worn  and  re-embedded  in  gravel,  at  others  less 
mutilated,  or  even  uninjured,  amid  more  tranquilly  formed  de- 
posits. Occasionally  some,  or  portions,  of  the  original 
lacustrine  or  fluviatile  deposits,  containing  remains  of  these  ani- 
mals, may  never  have  been  disturbed  to  any  great  extent,  so 
that  the  deposits  and  the  included  bones  became  covered  by 
the  marine  accumulations  of  the  time.* 


A  large  humerus  was,  in  1837,  trawled  up  in  midchannel  between  Dover  and 
Calais,  in  120  feet  water.  A  large  femur  was  also  found  while  trawling,  about 
half-way  between  Yarmouth  and  Holland  in  150  feet  water,  and  the  lower  jaw 
of  a  young  animal  was  dredged  np  off  the  Dogger  Bank.  Other  instances 
of  elephant  remains,  brought  up  from  the  sea-bottom  off  the  English  coasts  are 
also  known.  A  tusk  of  the  Hippopotamus  mqjor  was  dredged  up  from  the 
oyster-bed  at  Happisburgh. 

*  Professor  Owen  (Hist  Brit.  Fossil  Mammals,  p.  347),  quotes  a  notice  in 
a  Cambridge  paper  of  26th  February,  1845,  in  which  mention  is  made  of  high 
tides  having  much  uncovered  the  lignite  beds  at  the  base  of  the  clifis  near 
Cromer,  Norfolk,  and  that  among  the  fossil  remains  of  that  bed,  the  lower  jaw 
of  a  rhinoceros,  with  seven  molar  teeth  in  good  preservation,  together  with  the 
molars  of  the  elephant,  hippopotamus,  and  beaver  were  discovered.  The  jaw 
was  exunined  by  Professor  Owen,  and  ascertained  to  have  belonged  to  a  young 
Rhinoceros  tichorhinus, 

Mr.  Strickland  pointed  out,  in  1834  (Account  of  Land  and  Fresh-water  Shells 

found  associated  with  the  Bones  of  Land  Quadrupeds  beneath  diluvial  gravel, 

at  Cropthom,  Worcestershire,  Proceedings  Geol.  Soc,  vol.  ii.  p.  Ill),  that  "  a 

layer  of  fine  sand,  containing  23  species  of  land  and  fresh- water  shells,  with 

firagments,  more  or  less  rolled,  of  bones  of  the  hippopotamus,  bos,  cervus, 

Tsus,  and  canis,"  reposes  on  the  lias  clay  of  that  district.    Professor  Owen 

ds  the  mammoth  and  urus  to   this  catalogue  (Hist.  Brit  Fossil  Mammals, 

258).    "  The  sand  passes -upwards  gradually  into  gravel,  which  extends  to 

i  surfiiioe,  and  differs  in  no  respect  from  the  other  gravel  of  the  neighbour- 
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*  Upon  the  hypothesis,  that  these  animals  could  have  spread 
under  such  conditions,  and  prior  to  the  submergence  previously 
noticed,  a  time  would  come  when  the  depression  of  the  old 
land  would  be  such,  that,  as  regards  the  British  Islands,  no 
sufficient  or  fitting  dry  land  would  be  found  for  them,  sup* 
posing  that  the  diminished  temperature  did  not  destroy  them. 
While  assuming  that  such  may  have  been  the  conditions  in  this 
particular  case,  it  by  no  means  follows,  with  submerging  dry 
land  oyer  a  large  portion  of  Europe,  that  abundant  space 
was  not  left,  even  in  Northern  Asia,  for  the  existence  and  in- 
crease of  the  Elephas  primiffenitts  and  the  Rhinoceros  ticho* 
rhinus.  The  land  may  not  have  experienced  a  contemporaneous 
depression,  or  if  so,  not  one  cutting  ofiTall  the  needful  feeding 
grounds  for  the  support  of  these  mammals.  Thus,  in  several 
parts  of  Europe,  when  the  sea  bottom  emerged, — the  former 
land,  variously  modified  diuing  its  submergence,  coated  more 
or  less  with  the  detritus  drifted  over  and  thrown  down  upon  it, 
and  embedding  the  remains  of  such  animals  as  perished  during 
the  submergence,  there  might  be  many  sources  whence  the 
elephants,  rhinoceroses^  and  other  contemporary  animals  could 
spread  over  the  new  land  as  the  fitting  conditions  obtained.  It 
is  not  difficult  to  conceive  that  these  mammals  may  thus  have 
revisited  the  area  of  the  British  Islands,  again  connected  with 

hood,  being  composed  principally  of  pebbles  of  brovn  quartz,  bnt  occasionally 
containing  chalk  flints,  and  fragments  of  lias  ammonites  and  gryphites.  The 
bones,  though  most  abundant  in  the  sand,  are  interspersed  also  in  the  gravel ; 
but  the  shells  are  confined  to  the  sand."  Two  of  the  species  of  shells  were 
considered  to  be  extinct.  From  the  fluybtile  habits  of  some  of  these  molluscs, 
Mr,  Strickland  inferred,  that  the  deposit  occupies  the  site  of  an  ancient  river 
bed.  He  at  the  same  time  pointed  out  "  the  greater  change  which  has  taken  place 
in  the  mammifers  of  this  island  than  in  tbe  molluscs,  since  the  era  when  the 
gravel  was  accumulated ;  and  the  little  variation  which  the  climate  appears  to 
hate  undergone  since  the  same  epoch."  He  also  adverted  to  similar  deposits, 
previously  known  at  North  Cliff,  Yorkshire,  Market  Weighton,  and  atCopford, 
near  Colchester. 

The  section  given  by  Sir  Roderick  Murchisou,  M.  de  Vemeuil,  and  Count 
Keyserberg  (Geology  of  Russia  in  Europe,  and  of  the  Urals,  vol.  i.  p.  502), 
would  appear  to  show,  that  as  respects  a  part  of  Russia,  and  beneath  a  covering 
of  **  day  drift,  containing  numerous  bones  and  teeth  of  the  mammoth,  60  feet 
thick,"  there  was  a  "  band  of  fioely  laminated  sand,  full  of  shells,  specifically 
identical  with  those  which  inhabit  the  adjacent  river  Dou."  The  latter  repose 
upon  a  tertiary  limestone. 
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tlie  main  land,  so  that  their  remains  may  be  found  in  lacustrine 
and  fluviatile  deposits  above  the  marine  accumulations  formed 
during  the  interval  of  depression.*  As  there  is  evidence  in 
Western  Europe  of  oscillations,  as  regards  the  relative  level  of 
sea  and  land,  in  the  more  recent  geological  time,  requiring 
much  attention  on  the  part  of  the  observer,  he  will  have  care- 
fully to  consider  their  influence  on  the  spread  of  mammals,  such 
as  those  under  consideration.  Assuming,  however,  only  one 
submergence  sufficient  to  disconnect  the  British  Islands,  fol- 
lowed by  an  elevation  restoring  the  connection,  it  would  be  in- 
ferred that  lacustrine  and  fluviatile  accumulations  would  be  the 
highest  amid  which  we  should  expect  to  discover  the  remains 
of  the  Elephas  primigeniiu  and  his  contemporary  mammals, 
partly  extinct,  partly  now  existing. 

Amid  any  changes  arising  from  the  depression  and  elevation 
of  land  and  adjacent  sea  bottoms,  should  animals  have  lived  in 
caves,  carrying  in  their  prey,  if  they  had  been  carnivorous,  or 
have  fallen  into  fissures  in  the  manner  previously  mentioned 
(p.  135),  their  remains,  so  preserved,  would  appear  the  most 
safe  from  re-arrangement  by  waves,  tidal  streams,  or  ocean 
currents.  Though  the  bones  of  extinct  bears  and  other  animals 
found  in  caves  had  previously  attracted  mucb  attention,  it  was 
fi*om  the  discovery  of  the  remains  of  mammals  in  a  cavern  at 
Kirkdale,  in  Yorkshire,  in  1821,  and  from  the  descriptions  of 
all  the  circumstances  attending  the  mode  of  occurrence  of  these 
remains,  and  of  the  condition  of  the  cavern  itself,  subsequently 
given  by  Dr.  Buckland,  who  vbited  the  spot  a  few  months  only 
after  the  discovery,  that  ossiferous  caves  attained  a  new  interest. 
This  cave  was  found  by  cutting  back  a  quarry,  as  many  others 
have  also  been.  Its  greatest  length  was  found  to  be  245  feet, 
and  its  height  generally  so  inconsiderable,  that  in  two  or  three 
situations  only  could  a  man  stand  upright  The  following  (Fig. 
105)  is  the  section  of  it,  as  given  by  Dr.  Buckland  ;t — «j  a,  a, «, 


*  Localities  are  mentioned  where,  in  the  British  Islands,  bones  of  these  and 
of  contemporary  mammals  have  been  found  entombed  in  flaviatile  or  lacus- 
trine deposits,  supposed  to  be  above  the  accumulations  referred  to  the  period 
Then  erratic  blocks  and  other  ice-transported  detritus  were  strewed  ov  r  the 
ea  bottom  in  this  part  of  Europe. 

t  Reliquia!  Dilavianse,  1823. 
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horizontal  beds  of  iimestoDe,  in  which  the  care  occutb  ;  b,  Bta- 
lagmite  incruating  some  of  the  bones,  and  ^'S-  "^ 

formed  before  the  mud  vaa  introduced ; 
e,  bed  of  mud  contaiiuDg  the  bones;  d, 
stalagmite  formed  since  the  introduction 
of  the  mud,  and  spreading  over  its  surface ; 
0,  insulated  stalagmite  on  the  mud; 
f,f,  stalactites  depending  from  tiie  roof. 
*'  TUe  surbce  of  the  sediment  when  the  cave  was  first  opened 
was  nearly  smootli  and  level,  except  in  those  parts  where  its 
regularity  had  been  broken  by  the  accumulation  of  stalagmite, 
or  ruffled  by  the  drij^iing  of  water ;  its  substance  was  an  ai^l- 
laceous  and  sli^Uy  micaceous  loam,  composed  of  such  minute 
particles  as  could  ea^ly  be  suspended  in  muddy  water,  and 
mixed  with  much  calcareous  matter,  that  seems  to  have  been 
derived  in  part  from  the  dripping  of  the  roof,  and  in  part  from 
comrainuied  bones.*"  The  remains  of  hyiena,  tiger,  bear,  wolf, 
fox,  weasel,  elephant,  rhinoceros,  hippopotamus,  horse,  ox,  three 
spetnes  of  deer,  and  some  other  animals,  were  found  to  be  so 
strewed  orer  the  bottom  of  tiie  cave  when  the  mud  was  re- 
moved, the  proportion  of  hy»na  teeth  over  those  of  other 
animals  waa  bo  great,  and  the  bonee  of  other  animals  were  so 
broken  and  knawed,  that  Dr.  Buckland  considered  the  Kirk- 
dale  cave  to  have  been  the  den  of  the  extinct  hyienas,  the  re- 
miuns  of  which  were  found  in  it,  diu4ng  a  succession  of  years ; 
that  they  brought  in,  as  prey,  the  animals  the  bones  and  teeth  of 
which  are  now  mingled  with  their  own,  and  that  these  con- 
ditions were  suddenly  changed  by  the  irruption  of  muddy  water 
into  the  cave,  burying  all  the  remains  of  the  animals  in  an 
envelope  of  mud,  including  the  fax^s  of  the  hysenas,  which 
occurred  in  the  Kirkdale  cave,  precisely  as  such  now  do  in  the 
dens  of  existing  hytenas.  Many  hones  were  found  to  be  rubbed 
smooth  and  polished  on  one  side,  in  this  respect  diflfering 
from  the  other  side ;  a  fact  showing.  Dr.  Buckland  infers,  that 
one  ude  bad  been  exposed  to  the  walking  and  rubbing  of  the 
hysnas. 

*  Reliquis  DilavilDS,  1833. 
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There  would  thus  appear  to  have  been  a  hole  or  cavern  at 
first  raised  above  common  detrital  accumulations,  and  freely 
communicating  with  the  atmosphere,  when  the  stalagmite  b  was 
formed,  then  a  change  by  which  water  containing  fine  mineral 
detritus  was  introduced,  the  latter  subsiding  from  the  water, 
which  may  have  completely  filled  the  whole  of  the  cavern,  and, 
thirdly,  a  time  when  the  cave  was  out  of  the  reach  of  water, 
again  freely  communicating  with  the  atmosphere ;  so  that  sta- 
lagmites were  thrown  down  upon  the  even  floor  of  mud.  The 
stalactites  depending  from,  the  top  may  have  been  partly  formed 
during  both  periods  when  the  cavern  communicated  with  the 
atmosphere.  Stalactites  would  not  be  formed  if  the  cave  were 
fiill  of  water,  the  solution  of  the  bicarbonate  of  lime,  even  sup- 
posing such  to  have  passed  through  into  the  cavern,  woidd 
mingle  in  the  usual  way  with  the  general  volume  of  the  water. 
Even  assuming  deposits  from  such  a  solution,  it  would  scarcely 
take  the  forms  of  depending  stalactites,  those  which  so  mark  an 
accumulation  of  the  particles  of  carbonate  of  lime  by  the  loss  of 
carbonic  acid  and  evaporation  of  the  water  in  the  air. 

As  regards  the  introduction  of  fine  sedimentary  matter  into 
caves  during  a  submergence  of  previously  dry  land  beneath  the 
sea,  the  resulting  mud  not  containing  the  hard  parts  of  marine 
animals,  much  would  necessarily  depend  upon  the  circum- 
stances xmder  which  the  entrances,  or  fissures  communicating 
with  the  old  surface  of  dry  land,  were  placed.  Should  the 
entrances  be  blocked  up  by  beaches  or  shingles  drifted  over 
them  (independently  of  any  which  may  have  been  closed  by  the 
accumulation  of  fallen  fragments  before  submergence)  as  the 
land  descended  and  the  coast  conditions  changed,  the  shores 
ranging  gradually  to  higher  levels,  the  matter  of  fine  mud  could 
be  water-borne  through  the  shingles  or  fragments.  Such  muddy 
water  once  in  the  cavern,  either  from  this  source,  or  entering 
amid  other  cracks  and  chinks,  the  resulting  mud  would  settle 
over  the  floor,  enveloping  all  within  its  reach  in  a  mass  of  fine 
sediment  In  either  case,  any  germs  of  marine  animals  se- 
-.retmg  hard  parts,  and  entering  with  the  water,  would  scarcely 
1  properly  developed  in  such  a  situation. 

Ossiferous  caverns  being  merely  those  amid  caves  in  general. 
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ivhich,  from  fitting  circumstances,  mammals  Iiave  made  their 
dens,  or  into  which  they  have  fallen  or  been  drifted,  all  the 
sinuosities  and  irregularities  of  such  cavities,  both  as  regards 
horizontal  and  vertical  range,  have  to  be  expected  in  them. 
They. are  found  to  be  variously  filled  in  different  localities,  so 
that  it  becomes  difScult  to  point  out  any  particular  arrange- 
ment of  parts  common  to  the  whole.  At  the  same  time,  the 
following  longitudinal  section  (Fig.  106)  may  afford  somewhat  of 
a  general  view  of  many  which  have  been  discovered.  In  it 
/,  Z,  /,  represent  the  section  of  a  limestone  bill  (these  caverns 
bmng  like  caves  in  general  most  common  in  limestone  rocks), 
in  which  there  is  a  cavern,  &,  &,  communicating  with  a  valley,  v, 

Fig.  106. 


/ 
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by  an  entrance,  a.  A  floor  of  stalagmite,  <f,  dy  covers  bones 
and  fine  sediment  accumulated  in  the  cavities,  c,  c.  A  column 
of  stalactite  and  stalagmite  is  represented  between  the  two 
chief  chambers  of  the  cave,  and  which  may,  or  may  not  have 
blocked  up  the  passage  from  one  to  the  other.  Any  circum- 
stances having  removed  a  covering  of  the  entrance,  a,  or  the 
latter  being  even  constantiy  open  and  well  known,  an  observer, 
if  not  informed  respecting  ossiferous  caverns,  might  easily  enter 
such  a  cave  and  remark  notliing  more  than  the  chambers,  the 
stalactites  depending  from  the  roof  or  covering  the  walls,  and 
a  floor  partly  rock,  partiy  formed  of  stalagmite ;  and  even,  if 
the  passage  between  the  chambers  be  closed  by  stalactite  and 
stalagmite,  return  from  the  outer  cave  without  being  aware  of 
the  chamber  beyond  it. 

It  will  be,  at  once,  apparent,  seeing  that  the  bones  in  ossi- 
ferous caves  may  either  have  been  chiefly  collected  by  preda- 
ceous  animals ;  have  fallen'  into  them  from  openings  in  the 
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of  mammals  which  have  entered  and  died  in  the  caTes,  thai 
great  attention  should  be  paid  to  the  mode  in  which  the  bones 
may  be  accumulated,  and  to  their  whole,  fractured,  gnawed,  or 
other  state.  Very  careful  and  complete  sections  require  to  be 
made  of  the  ossiferous  accumulations,  and  these  should  not  be 
confined  to  one  portion  of  a  cayem ;  for,  during  a  long  lapse 
of  time,  an  open  cave  may  have  been  variously  tenanted  or 
strewed  with  bones.  If  an  observer  be  in  search  of  evidence  of 
ossiferous  caves  having  been  the  dens  of  predaceous  animals, 
not  only  the  marks  of  their  teetii  upon  the  remains  of  such 
bones  as  may  not  have  been  consumed  are  valuable,  but  also 
the  mode  of  occurrence  of  fecal  remains,  and  the  rubbing 
and  polishing  of  portions  of  the  wallo,  especially  in  the  nar- 
rower passages,  are  important. 

With  respect  to  stalactitic  and  stalagmitic  incrustations,  they 
may  have  happened  at  all  times  when  a  cavern  was  above  the 
sea  or  water-drainage  of  the  time,  so  that  the  atmosphere 
entered  it,  and  bicarbonate  of  lime  percolated  in  solution 
through  the  containing  rock  into  the  cave.  Thus  bones,  as  in 
the  ELirkdale  cave,  may  have  been  embedded  in  this  calca- 
reous substance,  as  well  prior  to  the  introduction  of  any  fine 
sediment  by  means  of  water,  as  afterwards.  It  is  tiie  repose  of 
stalagmite  upon  an  even  flooring  of  the  sedimentary  matter 
enveloping  the  bones,  which  shows  an  alteration  of  conditions, 
one  from  a  state  of  things  when  stalagmite  could  not  be  accu- 
mulated on  the  bottom  of  the  cave,  to  that  which  permitted  it 

As  the  remains  of  mammals  of  existing  kinds,  such  as  the 
red  deer,*  of  the  roebuck,t  badger,}  polecat,§  stoat,  ||  wolf,1[ 

*  Id  Kirkdale  Cavern,  Yorksliire,  and  Kent's  Hole,  Torquay ;  Backland, 
*'  Reliquife  Dilavians,"  and  Owen,  **  Hist  Brit  Foss.  Mammals." 

t  Fissure  in  limestone,  with  the  remains  of  Rhinoceros  tichorhinw,  Caldy 
Island,  Pembrokeshire ;  Owen,  "  Hist  British  Foss.  MammaU,*'  p.  488.  Dr. 
Bttckland  mentions  an  antler,  **  approaching  that  of  the  roe,'*  in  the  Paviland 
Cave. 

X  Kent*s  Hole,  Torquay  ;  Owen,  "  Hist  Brit  Foss.  Mammals,"  p.  110. 

i  Belgian  Cave,  Dr.  Schmerling.  Berry  Head,  Devon ;  Owen,  •*  Hist 
Brit  Foss.  Mammals,"  p.  113. 

II  Kirkdale  Gave ;  BneUand,  <<  Reliquiae  Dilnvianc.  Kent's  Hole,  Tor- 
quay ;  Owen,  **  Hist.  Brit  Foss.  Mammals." 

t  Kirkdale  Cave ;  Paviland  Cave ;  Oreston,  Plymouth ;  Kent's  Hole,  Torquay. 


»..a1.i<»j  u  d^i:._s^  t\!1^_:.— ^  .»    r\. 
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fox,*  water-vole,  field- vole,  bank-vole,  hare  and  rabbit, t 
have  been  discoyered  in  caves  mingled  with  those  which  are 
extinct,  and  as  the  remains  of  man  have  been  detected  in 
similar  caverns,  it  becomes  needful  most  carefully  to  study  the 
circumstances  under  which  all  these  remains  may  occur;  so 
that  while,  on  the  one  hand,  we  do  not  neglect  the  kind  of 
evidence  which  might  thus  show  the  contemporaneous  existence 
of  mammals  now  partly  extinct,  and  partly  living,  {  and 
also  of  man  with  the  same  kinds  of  animals,  on  the  other, 
the  acddents  which  may  have  brought  such  apparently  con- 
temporaneous mixtures  together  may  be  duly  regarded.  Thus 
had  not  Dr.  Buckland  employed  the  needful  caution,  human 
remains  (those  of  a  woman)  in  Paviland  Cave,  Glamorgan- 
shire, might  haye  been  regarded  as  proving  the  contempo- 
raneous existence  of  man  and  of  the  Elephas  primigenius.  Rhi- 
noceros tichorhinus^  and  Hycena  spelcea.  In  this  case,  the  cave 
had  evidently  been  employed  as  a  place  of  sepulture  by  some 
of  the  early  inhabitants  of  that  part  of  Wales,  and  the  ground 
containing  the  remains  of  the  extinct  animals  moved.  § 

In  many  instances  of  the  mixed  remains  of  extinct  and  ex- 
isting species  of  mammals,  independently  of  the  condition  and 

*  Kent's  Hole,  Torquay ;  Oreston,  Plymouth.— Owen,  *'  Hist  Brit  Foss. 
Mammals." 

t  Baekland,  "  IteliqaiiB  DilaviaiuB;"  Owen,  **  Hist  Brit.  Fobs.  Mammals." 

X  The  fbUowing  list  of  animals,  the  remains  of  which  have  been  found  in  the 
cayes  of  the  British  islands,  is  given  by  Professor  Owen,  in  his  "  History  of 
British  Fossil  Mammals:" — Vesperiilio  noctula,  Rkinohphua  firrum'equinum, 
DrgusprUctts  takdtpelaus;  Meles  taxu8,  PtUoritts  vulgaris  and  ermineuss  Lutra 
vulgaris  (fh>m  Durdham  Down,  Bristol,  on  the  authority  of  Mr.  K  T.  Hig- 
gins) ;  Cams  lupus  and  vulpes ;  Hi/ana  spelaa.  Felts  spelaa  and  calut ;  jlfo* 
chairodus  tatideuSf  Mus  musculuM,  Arvicola  amphibiat  agrestis,  and  pralensis ; 
Lepus  timidus,  and  cuniculus ;  Lagomya  speletus,  Elephas  primigenius,  Hhtno* 
eeros  tichorhinuSy  Equus  fossilis  (ctibaUus  f )  and  plicidens  ;  Asinus  fossilis, 
Hippopotamus  major^  Sus  Scrofa,  Megaceros  Hibemicus^  Strongyhceros  spelttus^ 
Cervms  Elaphus,  Thrandas,  Capreolus,  and  Bucklandi;  Bison  priscus,  and  minor , 
and  Bos  priwigenius, 

§  The  caye  in  which  these  remains  were  discoyered  is  one  of  two  on  the 
coast  between  Oxwich  Bay  and  the  Worm's  Head,  part  of  the  district  known  as 
Gower,  on  the  west  of  Swansea,  and  formed,  in  great  part,  by  carboniferous  or 
mountain  limestone.  It  is  known  as  the  Gioaf  s  Hole,  and  is  accessible  only  at 
low  water,  except  across  the  fitce  of  a  nearly  precipitous  cliff,  rising  to  the 
height  of  about  100  feet  above  the  sea.  The  floor,  at  the  mouth  of  the  cave,  is 
about  30  to  40  feet  above  high- water  mark,  so  that  during  heavy  on-shore -gales, 
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mode  of  occurrence  of  the  remains  themselves,  the  probable 
habits*  of  the  animals  may  offer  the  observer  much  assist- 
ance. In  this  manner^  certain  caves  have  been  inferred  to 
have  been  the  dens  of  extinct  bears  and  hyaenas,  in  the  latter 
case  foecal  remains,  considered  to  be  of  a  very  characteristic 
kind,  marking  the  continued  residence  of  these  bone-consuming 
animals,  and  a  quiet  entombment  of  such  bodies  with  ordinary 
osseous  remains.  One  kind  of  animal,  such  as  the  cavern  bear, 
may  have  occupied  a  cave  at  one  time^  while  hyaenas  may  have 
tenanted  it  at  another,  and  both  may  have  been  preceded  or  re- 

the  spray  of  the  breakers  dashes  into  it  Beneath  a  shallow  coyering,  Dr^ 
Buckland  discoYered  the  '*  nearly  entire  left  side  of  a  female  skeleton."  He 
adds  ('*  Reliquiie  DiluTiansQ,"  p.  88),  **  Close  to  that  part  of  the  thigh-bone 
where  the  pocket  is  usoally  worn,  I  found  laid  together,  and  surrounded  also  by 
ruddle,  about  two  handfuls  of  small  shells  of  the  nerita  Httoralis,  in  a  state  of 
complete  decay,  and  falling  to  dust  on  the  slightest  pressure.  At  another  part 
of  the  skeleton,  viz.,  in  contact  with  the  ribs,  I  found  40  or  50  fragments  of 
small  ivory  rods,  nearly  cylindrical,  and  varying  in  diameter  from  a  quarter  to 
three-quarters  of  an  inch,  and  from  one  to  four  inches  in  length.  Their  external 
sur&ce  was  smooth  in  a  few  which  were  least  decayed,  but  the  greater  number 
had  undergone  the  same  degree  of  decomposition  with  the  large  fhigments  of 
tusk  before  mentioned."  Fragments  of  ivory  rings  were  also  discovered, 
supposed,  when  complete,  to  have  been  four  or  five  inches  in  diameter.  Por- 
tions of  elephants'  tusks  were  obtained,  one  nearly  two  feet  long ;  and  Dr. 
Buckland  inferred  that  the  rods  and  the  rings  had  been  made  of  the  fossil  ivory, 
the  search  for  which  had  caused  the  marked  disturbance  of  the  ossiferous 
ground  observed,  the  ivory  being  then  in  a  sufficiently  hard  and  tough  state  to 
be  so  worked.  Charcoal  and  pieces  of  more  recent  bones  of  oxen,  sheep,  and 
pigs,  "  apparently  the  remains  of  food,"  showed  the  cave  had  been  used  by  man. 
The  toe-bone  of  a  wolf  was  shaped,  and  it  was  inferred  that  it  had  been  pro- 
bably employed  as  a  skewer.  As  regards  the  date  when  this  cave  may  have 
been  thus  worked  for  its  ivory,  and  the  woman  buried.  Dr.  Buckland  calls 
attention  to  the  remains  of  a  Roman  camp  on  the  hill  immediately  above  the 
cave.  Amid  the  disturbed  ossiferous  ground  there  were  not  only  recent  bones, 
but  also  the  remains  of  edible  molluscs,  Buccinutn  undatum,  Littoriwi  iittorea, 
L,  nerUoidea,  Patella  vulgata,  and  TYockiu  crcusus, 

*  No  doubt  much  caution  will  be  required  as  to  any  inferences  drawn  from 
the  habits  of  existing  animals  of  a  particular  genus ;  as,  for  instance,  if  the 
hare  were  an  extinct  mammal,  and  the  rabbit  only  found  living,  it  would  be  a 
serious  error  to  infer,  from  the  habits  of  the  latter,  that  the  former  always  lived 
in  burrows  which  it  dug  for  itself.  At  the  same  time  it  may  not  be  unreason- 
able to  suppose  that  animals,  such  as  elephants,  rhinoceroses,  deer,  and  oxen, 
did  not  make  caves  their  habitations,  even  when  entrances  into  them  were  suffi- 
ciently large  and  easy,  though  they  may  have  occasionally  found  their  way  into 
them,  as  we  have  often  seen  oxen  do  in  England,  for  shelter  from  very  heavy 
rains  or  great  heats. 
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placed  by  the  cave  tiger,  and  its  contemporary  great  feline,  the 
machairodus*  During  the  occupation  of  the  more  roomy  por- 
tions of  a  cave  by  such  great  mammals,  smaller  animals  could 
have  lived  in  the  minor  holes  and  fissures,  occasionally  feeding 
upon  remnants  of  the  prey  brought  in  by  the  larger  camivora, 
and  sometimes  falling  victims  themselves  to  the  latter.  In 
certain  caves,  bats  may  often  have  clustered  in  places  in  the 
higher  parts  of  the  chambers,  secure  from  the  bears,  hyaenas, 
or  felines,  their  remains,  from  time  to  time,  being  mingled 
with  the  bones  of  the  other  animals  beneath.  With  regard 
to  several  mammals,  the  remains  of  which  are  discovered  in 
ossiferous  caves,  we  feel  certain  that  not  only  would  their  bulk 
have  prevented  them  from  passing  through  the  only  communi- 
cations, which  can  either  be  seen  or  suspected,  between  the  open 
air  and  chambers  of  many  caves,  but  also  that  their  habits  would 
not  direct  them  to  such  retreats.  As  prey  to  carnivorous 
mammals  inhabiting  caves,  dragged  in  piecemeal  through 
comparatively  small  apertures,  when  their  bodies  were  dismem- 
bered, there  appear  no  difficulties ;  indeed,  there  is  good  evi- 
dence on  this  head.  It  has  been  remarked,  that  the  teeth  of  the 
extinct  elephant  found  in  caves,  show  that  young  animals  of  this 
kind  had  chiefly  been  brought  into  them.  This,  however,  does 
not  seem  to  have  been  the  case  with  respect  to  the  Rhinoceros 
ticlwrhinus^  since  the  remains  of  full-formed  individuals  of  this 
species  are,  in  some  cases,  sufficiently  abundant;!  neither  does 

*  Mr.  Austen,  when  noticing  Kenf  s  Hole  and  other  ossiferoas  caves  of  De- 
▼ODshire  (**  Geology  of  the  Soath-east  of  Devonshire,"  Geological  Transac- 
tions, 2nd  series,  vol.  vi.,  p.  445),  calls  attention  to  the  habits  of  the  lion  and 
panther,  which,  after  killing  their  prej,  '*  secure  it  in  their  jaws,  and  bear  its 
weight  on  their  powerfiil  shoulders,  retreating  with  it  to  these  caves."  After 
mentioning  the  great  size  of  the  animals  which  the  African  lions  carry  off,  he 
adds,  that  **  with  respect  to  their  usual  abodes,  we  have  the  authority  of  all 
African  travellers  and  hunters,  that  chasms,  caves,  overhanging  ledges  of  rocks, 
and  similarly  protected  places,  are  their  haunts,  and  the  spots  to  which  they 
carry  their  prey." 

f  Having  examined  the  ossiferous  cave  of  Spritsail  Tor,  in  Gower,  Glamor- 
ganshire, shortly  after  its  discovery,  by  the  cutting  back  of  a  carboniferous 
limestone  quarry,  we  were  much  struck  by  the  narrowness  of  a  part  of  the 
entrance^  where  predaceous  animals,  apparently  hyaenas  (^.  jtpf/^a)  seemto 
have  been  stopped,  with  large  portions  of  the  carcasses  of  the  Rhinoceros 
tichorhinus,  numbers  of  the  teeth  of  which,  among  the  other  remains,  were 
luwnninl&ted  clnse  outside  it. 
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it  show  that  many  a  large  elephant  may  not  have  fallen  a  prey 
to  the  great  carnivora,  especially  the  feline,  its  bones  and  teeth 
being  left  elsewhere,  and  perhaps  in  great  measure  consumed 
on  the  spot  by  hyaenas. 

That  men  hare  at  various  times  inhabited  caves,  and  used 
them  as  tombs,  is  well  known,  and  the  case  of  the  skeleton  of 
the  woman  at  Paviland,  above  noticed,  is  sufficient  to  show 
that  ossiferous  caverns  may  have  been  thus  employed.*  If  man 
had  been  a  contemporary  inhabitant  of  the  regions  where  these 
extinct  camivora  roamed  in  search  of  their  prey,  he  might,  as 
well  as  other  creatures,  particularly  while  only  armed  as  he 
was  likely  to  have  been  in  earlier  times,  have  occasionally 
formed  a  portion  of  such  prey.  While,  however,  these  extinct 
great  bears,  hyaenas,  or  felines  occupied  or  retreated  to  the  caves, 
for  the  purpose  of  shelter,  or  of  consuming  their  prey,  he  could 
scarcely,  as  has  been  remarked,  have  been  a  joint  inhabitant  of 
such  places  with  them ;  so  that  where  pieces  of  pottery  are 
discovered,  which  appear  to  mark  the  residence  of  man  in  the 
caves,  we  merely  seem  to  have  evidence  that  he  frequented 
them  at  some  period,  perhaps  not  well  defined ;  unless,  indeed, 
the  mode  of  occurrence  of  the  pottery  be  such  that  no  doubt 
of  the  relative  date  of  its  introduction  can  existf      With 

*  Sir  Philip  Egerton,  **  On  the  Ossiferoos  Cayes  of  the  Harti  and  Fnnoonia" 
(Proceedings  of  the  Geological  Society,  vol.  ii.,  p.  94),  when  enumerating  the 
ofiseooi  remains  which  rewarded  the  researches  of  himself  and  the  Earl  of  En- 
niskillen  in  the  caves  of  Gailenmth,  Kiihloch,  Scharxfeld,  and  Baumanns 
Hohle,  mentions  that  fragments  of  rude  pottery  were  discovered  in  these  four 
caves ;  **  old  coins  and  iron  household  implements  of  most  ancient  and  uncouth 
forms  in  that  of  Rabenstein,"  and  recent  bones  of  pigs,  birdsp  dogs,  ibxes,  and 
ruminants,  in  every  cave  examined. 

t  The  description  of  the  cavern  of  Miallet,  near  Anduze,  department  of  the 
Gard,  by  M.  Tesrier  (Bulletin  d^  la  Sod6t^  G^logique  de  France,  torn,  ii.)} 
affords  a  useful  illustration  of  the  manner  in  which  human  bones  may  occur 
with  those  of  extinct  mammals.  The  cavern  is  situated  30  yards  above  a  valley, 
on  a  steep  slope,  and  in  a  dolomitic  rock.  The  lowest  bed,  reposing  on  the 
bottom  of  the  cavern,  is  composed  of  a  dolomitic  sand,  irregularly  covered  with 
thin  stalagmite,  and  here  and  there  by  an  argillo-ferruginous  clay,  more  than 
a  yard  thick.  This  bed  contains  the  abundant  remains  of  bears.  Beneath 
stalagmite  and  a  bed  of  clayey  sand,  Arom  8  to  16  inches  thick,  human  remains 
were  discovered  in  different  parts  of  the  cavern.  At  the  inmost  end  they 
were  decidedly  mixed  with  those  of  bears,  which  predominated ;  but  at  the 
eutrance  the  human  bones  prevailed.  On  the  ossiferous  clay,  and  beneath  a 
very  rocky  projection,  a  nearly  entire  human  skeleton  was  discovered,  and 
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flint  or  other  stone  arrow-heads  and  knives,  such  as  have  been 
discovered  in  Kent's  Hole,  and  elsewhere,  there  would  be  more 
difficulty,  if  other  evidence  was  not  opposed  to  the  inference, 
since  they  may  have  been  attached  to  man,  as  weapons,  when 
carried  off  as  prey,  and  therefore  would  freely  mingle  with  the 
general  mass  of  bones  in  a  cave  when  the  flesh  of  the  mep  was 
eaten.  When  bones  of  men,  as  they  are  stated  to  have  been, 
are  discovered  really  mixed  amid  those  of  the  extinct  camivora 
and  other  animals  found  in  ossiferous  caves,*  the  subject  is  one 
of  no  slight  interest,  and  requires  at  least  very  careful  investi- 
gation, without  prejudgment  of  any  kind.f 

Ossiferous  caverns  may  offer  greater  complication  than  those 
previously  noticed,  in  which  the  apertures  or  mouths  opening  to 
the  air  are  considered  to  have  been  more  or  less  lateral,  pre- 
senting ready  ingress  and  egress  to  mammals,  no  great  clefts 


dose  to  it  a  lamp  and  a  baked  day  figarine ;  copper  bracelets  being  fonnd  at 
a  short  diBtance.  In  other  places  were  the  remains  of  coarse  pottery,  worked 
bones,  and  small  flint  tools,  exhibiting  a  ruder  state  of  the  arts  than  the 
preceding.  M.  Tessier  infers— 1.  An  epoch  when  the  caTem  was  inhabited  by- 
bean.  2.  A  time  when  man>  little  advanced  in  ciyilixation,  inhabited,  and 
probably  was  buried,  in  the  care;  and  3,  the  Roman  epoch,  shown  by  the 
remains  of  more  advanced  art  As  regards  the  mixed  bones  of  man  and  the 
bears,  it  is  inferred  that  this  is  accidental,  as  men  and  bears  could  not  have 
lived  together  in  this  cavern.  * 

*  Dr.  Schmerling  (Ossemens  Fossiles  des  Cavemes  de  Litfge)  mentions 
hnman  bones  as  decidedly  mixed  with  those  of  the  extinct  elephant,  rhinoceros, 
bear,  and  other  mammals  in  the  same  clay  and  breccia  in  caves  near  Li^ge. 
From  the  mode  of  occorrence  of  the  whole,  he  infers  that  the  human  as  well  as 
the  other  bones  were  all  washed  into  the  caves  together,  men  and  these  extinct 
mammals  being  then  coexistent.  Instances  of  the  mixed  bones  of  extinct 
yitKtnniAU  and  of  man,  in  the  south  of  France,  are  mentioned  by  M.  Marcel 
de  Serres  (Geognosie  des  Terrains  Tertiaires),  M.  de  Cristol,  M.  Toumal,  and 
other  geologists,  who  supported  the  view  that  men  and  these  extinct  animals  had 
been  contemporaneous,  a  view  opposed  by  M.  Desnoyers  (Bulletin  de  la  Soci^t^ 
G^logique  de  France,  torn,  ii.)*  ▼ho  points  out  that  the  pottery  and  weapons 
difleovered  in  the  ossiferous  caves  correspond  with  those  of  the  early  inhabitants 
of  England,  Germany,  and  Gaul ;  and  that  while  in  the  monuments  of  the  latter 
similar  artificial  objects  occur,  no  remains  of  the  extinct  mammals  are  dis- 
eovered,  though  those  of  species  now  inhabiting  Europe  are  detected. 

t  Professor  Owen  has  pcnnted  out  (Hist  Brit.  Fossil  Mammals,  p.  97) 
that  ''of  no  other  quadruped  than  the  bear  is  tlie  femur  more  likely  to  be 
mistaken  by  the  unpractised  anatomist  for  that  of  the  human  subject,  especially 
the  femur  of  the  gigantic  extinct  species  commonly  found  in  caves."  Figures 
and  descriptions  are  added  in  confirmation  of  this  statement 
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or  fissures  communicatiog  with  any  surface  of  ground  above. 
A  cavern  of  the  kind  represented,  in  longitudinal  section,  be- 
neath (Fig.  107)  may  have  been  of  a  mixed  kind,  partly  com- 
posed of  a  portion  c,  rising  upwards,  as  in  many  which  are  not 
ossiferous  is  also  seen,  and  partly  having  a  more  horizontal 
range,  a,  a.    If  the  upright  cleft  did  not  reach  the  surface  at 

Fig.  107. 


tlie  time,  in  a  manner  to  permit  animals  falling  through  it  to 
the  cave  beneath,  fragments  only  of  the  rock  in  which  the 
whole  is  situated  so  doing  (and  it  should  be  remembered,  that 
in  numerous  caverns  the  fall  of  rocks  from  various  parts  of  the 
roofe  and  sides  may  have  happened  at  all  times),  the  osseous 
remains  of  animals  entombed  would  belong  to  those  which  may 
have  entered,  lived  in,  or  been  dragged  into  the  chambers,  in- 
cluding birds  and  bats  finding  their  way  down  the  upright 
clefts,  supposing  the  cave  to  have  been  the  den  of  preda- 
ceous  mammals  with  the  needful  habits.  If  the  cleft  were 
sufficiently  wide  for  animals  to  fall  through,  as  mammals  now 
do  similar  fissures,  there  might  be  two  modes  of  accumulating 
the  remains  of  the  same,  or  nearly  the  same  creatures ;  one 
resulting  from  the  occupation  of  the  cave  by  predaceous  ani- 
mals, and  any  others  able  to  live  in  the  same  place  with  them ; 
the  other,  by  the  fall  of  animals  through  the  fissure,  sometimes 
bringing  down  with  them  fragments  of  rocks,  and  so  wholly  or 
partly  burying   their  carcases  beneath  such  fragments. 

If  we  assume  a  submergence  of  such  a  cavern,  much,  as  to 
the  results,  would  depend  on  the  rapidity  or  slowness  of  the 
submergence.  Supposing  the  latter,  and  that  the  mouth  of  the 
cave  was  closed,  either  prior  to  it  or  during  its  progress,  frag- 
ments of  rock,  such  as  we  often  see  thickly  strewed  (the  effects 
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of  atmoepheiic  influences  and  the  action  of  gravity  combineu) 
over  limestone  hill  and  mountain  sides^  descending  readily 
over  it,  the  common  earth,  (usually  the  cementing  matter  of 
such  fragments  on  hill  sides)  would  be  removed  by  the  wash 
of  the  sea,  and  muddy  water,  in  part,  perhaps,  thus  derived, 
enter  the  cave,  in  the  manner  previously  noticed,  enveloping 
with  fine  sediment  the  bones  in  the  interior,  a,  g.  The  sediment 
rising  only  according  to  the  amount  of  matter  introduced,  it 
might  so  happen,  that  an  even  floor  did  not  surmount  the  level  ^, 
mud  alone  completely  intermingling  with  fragments  of  rocks  or 
bones  in  the  lower  part  of  the  mass  A.  Submergence  slowly  con- 
tinuing, and  the  fissmre,  c,  still  open,  animals  could,  as  before, 
fall  through,  until  finally  the  whole  hill  was  beneath  the  water. 
Much  complication  might  arise  in  such  a  case,  and  more  espe- 
cially if  the  upper  part  of  a  fissure  had  never  been  closed 
over  by  detritus  even  to  its  emergence,  or  that  it  had  not  been 
covered  by  water  at  all,  so  that  it  was  always  open  to  catch 
imwary  animals,  or  those  hunted  by  predaceous  mammals, 
during  a  time  when  the  quadrupeds  of  the  country  may  have 
been  changed  or  much  modified.  Perpendicular  fissures  in 
caves  are  sometimes  so  filled  with  fragments  of  rock,  sand,  clay, 
and  earth,  as  to  show  the  necessity  of  great  caution,  when  in- 
ferring that  the  osseous  remains  of  many  caverns  had  been 
derived  through  the  lateral  mouths  alone.  The  study  of  the 
mode  of  occurrence  of  many  caverns  now  open  to  the  surface, 
shows  us  that  in  cases  of  total  submergence,  not  only  may  they 
be  filled  from  above  by  fragments  of  rock  and  animals  pre- 
viously falling  into  them,  and  with  the  settlement  of  mud, 
sand,  fragments  of  rock,  and  even  pebbles,  but  also  by  the 
carcases  of  animals  then  swept  in. 

In  examining  ossiferous  caverns,  it  is  needfrd  that  an  ob- 
server very  carefrilly  studies  the  kind  of  foreign  detrital  matter 
introduced  into  them,  either  occurring  amid  the  bones  and  frag- 
ments of  the  rock  in  which  the  cave  is  formed,  and  cx)nstituting 
layers  or  beds,  or  which  may  be  strewed  about.  Let  us  sup- 
pose that  in  a  valley,  t?,  of  which  the  following  is  a  section 
(fig.  108),  two  ossiferous  caverns,  a  and  ft,  occur  on  the  side  of 
the  hill,  c,  a  river,  r,  being  of  sufficient  size  to  bring  down  mud. 
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would  from  this  cause  be  exposed  to  deposits,  enveloping  the 
bones  of  mamm&k  which  there  occurred^  floods  from  time  to 


time  sm^irising  and  killing  animals  suddenly  caught  by  them 
in  it.  This  would  not  be  the  case  with  the  higher  cavern  out 
of  the  reach  of  such  fluviatile  action  and  deposits.  If  the 
surface  of  the  land  had  been  disposed  much  as  we  now  find  it, 
anterior  to  a  submergence  beneath  water,  (a  supposition  by  no 
means  necessary,)  both  these  caverns  may  have  had  detritus  in- 
troduced into  them,  as  previously  noticed,  whatever  additions 
may  have  been  made  to  the  lower  cave,  &,  by  bones  or  detritus 
frt)m  the  action  of  the  river,  r.  As  pebbles  of  fair  Aze  afibrd 
evidence  which  finer  sediment  may  not,  it  is  always  important 
to  collect  and  very  carefully  examine  any  found  in  ossiferous 
caves,  as  from  them  some  conclusion  may  be  formed  as  to  the 
direction  whence  moving  water  may  have  carried  them,  either 
from  their  parent  rocks,  or  from  any  gravel  or  shingle  accumu- 
lation where^  for  a  time,  they  may  have  been  stationary.* 


*  As  regards  the  contents  of  the  oniferons  care  of  Eenf  s  Hole»  often  men- 
tioned aboTe,  Dr.  Backland  informed  me  that  Mr.  M'Enery  iband  roanded 
portions  of  granite  and  greenstone  beneath  the  stalagmitic  cmst,  as  also  fi«g- 
ments  of  sandstone  and  slate,  some  of  them  rolled.  The  cave  Itself  is  in  limestone, 
the  sandstone,  slate,  and  greenstone  rocks  associated  with  it  in  the  district,  bat 
granite  does  not  occar  nearer  than  Dartmoor,  IS  miles  distant.  According 
also  to  Colonel  Madge  (Proceedings  of  the  Geological  Sodetj,  toI.  iL,  p.  400% 
the  pebbles  discoTcred  in  the  ossiferoos  bed  at  Tealm  Bridge  cave,  six  mUes 
from  Plymouth,  (fiye  distinct  deposits  being  noticed,  the  highest  only  containing 
bones),  "  are  apparently  deriyed  from  the  confines  of  Dartmoor,  and  differ  from 
those  contained  in  the  bed  of  the  Tealm."  The  remains  fbund  in  this  bed, 
34  feet  thick,  were  those  of  the  elephant,  rhinoceros,  horse,  ox,  hyaena,  sheep, 
dog,  wolf,  fox,  bear,  hare,  water-rat,  and  a  bird  of  considerable  size.  Many 
of  the  bones  were  "  splintered,  chipped,  and  gnawed,"  and  coprolites  were 
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Mach  and  very  proper  stress  has  been  laid  upon  the  accu* 
mulataon  of  bones  with  mud,  sand,  gravel,  and  fragments  of 
rock  in  those  subterranean  and  cavernous  channels  through 
which  streams  and  rivers  so  often  pass  in  limestone  districts. 
Into  these,  animals  surprised  by  floods  are  often  carried,  and 
from  them  are  seldom  known  to  emerge,  the  passages  being 
commonly  so  complicated,  that  even  inferring  sufficient  space 
for  the  bodies  to  pass  through,  the  intricacies  and  vertical 
arrangements  of  the  channel  are  such  that  the  osseous  remains 
of  the  animals,  whatever  may  become  of  the  flesh,  whether  eaten 
or  decomposed,  remain  and  accumulate  in  these  cavernous  pas- 
sages.   In  some  tropical  and  limestone  countries,  as  for  in- 
stance in  Jamaica,  it  is  very  instructive  to  watch  the  effects  of 
a  sudden  flood  hurrying  forward  a  mass  of  turbid  water,  and, 
occasionally,  various  creatures  into  great  sink-holes.*    In  more 
temperate  climates,  a  sudden  flood  often  surprises  animals, 
occaaonally  large,  in  low  groimds  near  the  entrances  into 
cavernous  channels,  and,  according  to  the  capacity  of  the 
duumel  and  the  size  of  the  ^itrance  into  it,  will  depend  the 
ready  disappearance  of  the  animals  thus  swept  onwards.    Some- 
times the  volume  of  water  is  so  great,  that  they  are  not  readily 
engulfed,  whirling  about  at  the  entrance,  then  beneath  the 
levQl  of  the  water  ponded  back,  until  the  flood  somewhat  sub- 
sidings  the  bodies  of  the  animals  enter  and  become  lost  in  the 
caverns. 

Even  under  the  somewhat  simple  conditions  of  such  cavernous 
channels,  as  shown  in  the  section  beneath  (Fig.  109),  it  will  be 
obvious  that  not  only  detrital  matter  and  fluviatile  molluscs, 


*  With  the  various  lAnd  moUuscs  caught  by  heavy,  and  often  sodden  tropical 
rains,  and  swept  into  tiiese  sink-holes,  land  hermit  or  soldier  crabs,  are  in  certain 
localities  also  carried  in,  sometimes  bearing  marine  univalve  shells  which 
thej  have  brought  with  them,  occasionally  many  miles,  during  their  migrations 
to  and  from  the  sea-coast  We  have  seen  these  crustaceans  at  12  to  14  miles 
from  the  sea  in  the  limestoBe  districts,  and  can  confirm  the  statement  of  Mr. 
B.  C.  Taylor  (Notes  on  the  Geology  of  Cuba,  Philosophical  Magarine,  1837), 
respecting  their  habits  as  noticed  by  him  in  similar  districts  of  Cuba.  Marine 
shells  may  thus  readily  be  included  in  the  stalagmites  of  the  caverns,  often  of 
large  siie,  ocmmon  in  the  white  limestene  portions  of  Jamaiea. 

2  A  2 
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but  also  terrestrial  mammals  may  be  introduced  into  a  cavern 
bj  Cy  df  and  the  finer  sediment,  held  in  mechanical  suspension. 

Fig.  109. 


alone  emerge,  supposing  the  channel  to  be  sufficiently  short  and 
the  water  be  kept  in  the  proper  agitation  throughout.  Under 
ordinary  conditions,  a  large  amount  of  the  elongated  cayem 
would  be  beneath  the  level  at  which  the  water  emerged  at  dj 
so  that  the  heavier  sediment  would  settle  at  the  bottom  of  the 
inequalities,  such  as  /  and  ^.  The  bodies  of  animals  would 
scarcely  be  forced  through  even  so  comparatively  ample  a  pas- 
sage as  that  above  represented,  the  general  form  of  the  channel^ 
and  especially  the  depending  portions  of  the  roof,  c,  c,  c,  opposing 
obstacles  to  tlieir  transport  outwards  to  d.  Should  the  impedi- 
ments to  the  passage  of  the  water  gradually  accumulate  (and 
among  these  large  falls  of  fragments  from  the  roof  would  be 
important),  an  outlet  of  this  kind  may  be  even  completely 
stopped.  If  we  suppose  a  submergence  of  the  land,  suqh  a 
channel  mi^t  also  be  completely  filled  with  detritus,  so  that 
upon  a  subsequent  emergence,  the  drainage  formerly  effected 
through  the  passage,  5,  <f,  being  blocked  up,  it  passed  elsewhere, 
and  the  former  outlet,  <f,  might  form  the  entrance  into  an  osd- 
ferous  cavern  on  the  lower  side  of  a  hill. 

Many  caverns  convey  out  waters  which  have  accumulated 
amid  the  rocks  of  which  they  form  a  part,  especially  in  lime- 
stone £stricts,  not  forming  a  continuous  subterranean  channel 
for  a  river,  entering  at  a  higher  level.  These  streams  sometimes 
choke  up  parts  of  the  cave,  so  that  they  cannot  be  passed 
during  a  rise  of  water,  though  communicating  between  cham- 
bers still  above  the  level  of  that  water.  Such  subterranean 
streams  occasionally  transport  sedimentary  matter,  and  leave  it 
Q  situations  whence  it  is  not  easily  detached,  and  where  it  may 
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cover  np  the  osseous  remains  of  animals,  or  the  works  of  men, 
eyen  the  bones  of  the  latter  also.  This  would  appear  to  have 
been  the  case  as  respects  the  mode  of  occurrence  of  the  human 
remains  observed  by  Dr.  Buckland,  in  one  of  the  branch  cham- 
bers at  Wokey  Hole,  in  the  Mendip  Hills,  near  Wells.  Human 
teeth  and  fragments  of  bone  were  **  dispersed  through  reddish 
mud  and  clay,  and  some  of  them  united  with  it  by  stalagmite 
into  a  firm  osseous  breccia."*  Among  the  loose  bones  he 
found  '^  a  small  piece  of  a  coarse  sepulchral  urn."  The  mud 
and  clay  seemed  clearly  to  have  been  derived  from  the  adjacent 
subterranean  river,  which,  in  its  overflowing,  reached  this 
chamber. 

Ossiferous  caverns  are  sometimes  entirely  destitute  of  stalag- 
mite, forming  a  level  crust  over  a  floor,  or  even  any  deposits  or 
incrustations  of  the  kind.  The  ossiferous  mass  found  in  Ban- 
well  Cave,  Mendip  Hills,  was  composed  of  little  else  than 
fragments  of  the  limestone  in  which  the  cave  occurs,  mingled 
with  the  bones  of  the  cavern  bear  and  other  extinct  mammals. 
Similar  caves  have  been  found  elsewhere,  the  bones  and  frag- 
ments of  rock  only  requiring,  as  M.  Therria  long  since  re- 
marked, a  cementing  substance,  such  as  carbonate  of  lime, 
indurated  clay,  or  other  mineral  matter  to  form  those  accumu- 
lations known  as  ossecms  breccias.^  As  caverns  which  may  have 
been  the  dens  of  predaceous  mammals,  occasionally  present 
clefts  and  fissures  filled  in  this  manner,  it  is  important  to  ascer- 
tain, when  such  are  exposed  to  view  by  the  cutting  back  of 
quarries,  whether  they  are  merely  clefts  and  fissures,  such 
as  represented  beneaUi  (fig.  110),  and  which  have  probably 
never  formed  a  portion  of  a  cavern,  properly  so  called,  or  are 
parts  of  an  ossiferous  cave,  which  further  researches  may 
expose. 

*  ^  Beliqnue  Dilavianie/'  p.  165. 

t  **  M4m.  de  la  Soci^U  d'llistoire  Natarelle  de  Strasbourg/'  yol.  i.,  -whereiii 
M.  Tberria  describes  the  Grotte  de  Fonvent,  in  which,  according  to  Cuyier, 
the  remains  of  elephant,  rhinoceros,  hysna,  caye  bear,  horse,  ox,  and  a  large 
feline  animal  were  found.  These  remains  were  considered  to  have  entered 
through  a  cleft  in  the  rock,  laid  open  by  quarrying  back  a  limestone.  The 
cave  was  completely  filled  by  bones,  a  yellow  marl,  and  angolar  fragments  of 
the  limestone  and  rooks  of  the  vicinity. 


858  OSSEOUS  BBSCCIA  IN  FI8SUKB8. 

In  this  section  (Fig.  110)  a,  bj  and  c,  represent  fissures  filled 
with  ossiferouB  breccia,  an  ofiset  at/,  giving  an  horizontal  cha- 

Fig.no. 


racter  to  part  of  one  of  them.  In  limestone  districts,  and  in 
such  countries,  clefts  containing  osseous  breccias  are  the  moat 
common ;  a  reddish  and  calcareous  cement  is  not  unfirequent, 
though  not  constant,  the  hardness  and  consoUdation  of  the 
genera]  accumulation  being  very  variable.  The  red  colour 
and  substance  usually  arises  from  the  decomposition  of  lime- 
stones, in  or  near  which  the  fissures  occur,  as  has  long  dncse 
(1834)  been  remarked  by  M.  de  Cristol.*  The  carbonate 
of  lime  being  wholly,  or  in  great  part  removed  in  solution,  (the 
needful  carbonic  acid  being  present^)  the  remaining  portions  of 
the  limestone,  comprising  any  carbonate  of  lime  which  may 
have  been  left,  alumina,  silica,  or  other  substances,  includ- 
ing iron,  become  coloured  by  the  peroxidation  of  the  latter,  as 
may  be  frequently  observed  in  the  soil  of  limestone  districts, 
particularly  among  the  carboniferous  limestone  countries  of 
the  British  Islands  and  Belgium.  Tltiese  fissures,  when  clearly 
unconnected  with  caves,  (more  or  less  horizontal  in  parts,)  are 
inferred  to  have  been  filled  by  the  falling  in  of  ani«al8.f 

*  Obserrations  G^n^rales  snr  les  Bribes  OssenseSv  Montpellier^  1834% 
t  With  respect  to  the  fiiUing  in  of  animals  into  fissures,  Dr.  Backland, 
directing  attention  to  this  subject  in  1623  (Reliqms  Diluvians,  pp.  56  and  78), 
mentions  that  animals  now  &11  into  a  fissure  in  Dancombe  Park,  Yorkshire, 
as  it  '*  lies  like  a  pit&ll  across  the  path  of  animals  which  pass  that  way." 
This  fissure  was  found  to  contun  the  skeletons  of  dogs,  sheep*  deer,  goats,  and 
hogs,  **  each  on  the  spot  on  which  it  actually  perished."  It  is  remarked,  that  if 
a  body  of  water  entered  this  fissure,  the  bones  and  the  fragments  of  the  lime* 
stone  in  which  it  occurs  would  be  all  washed  to  the  bottom.  Dr.  Backland 
also  referred  to  the  loss  of  cattle  down  fissures,  and  into  caves,  experienced  by 
the  fisrmers  in'  the  limestone  districts  of  Derbyshire,  MonaMmtbshire,  and 
Glamorganshire. 
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Osseous  breccias  are  found,  as  might  be  expected,  in  different 
countries ;  their  contents  yariable,  and  pointing  to  differences 
in  the  time,  though  always  at  comparatiyely  recent  geological 
periods,  when  they  were  accumulated;  indeed,  such  could 
scarcely  but  have  happened  with  these  ossiferous  accumula- 
tions, whether  found  in  cayems  or  in  fissures,  since  we  have 
reason  to  infer  that  the  bones  of  animals  are  now  being 
gathered  together  in  similar  situations  in  different  parts  of  the 
world.*  It  is  only  as  r^;ards  the  possible  or  probable  connec- 
tion with  the  inferred  interval  of  increased  cold,  at  a  particular 
time  in  the  northern  hemisphere,  that  ossiferous  caves  and 
breccias  are  here  noticed.  Under  the  hypothesis  of  this  in- 
crease of  cold  being  accompanied  by  the  submergence  of  a 
large  portion  of  Europe,  affecting  the  area  above  mentioned, 
such  submergence  being  gradual,  perhaps  with  oscillations,  un- 
equal in  different  portions  of  the  general  area,  and  followed  by 
a  rise  of  the  same  area,  also  perhaps  .with  oscillations,!  and 

*  OsBiferous  eaTerns  and  finores  are  found  in  Tarious  parts  of  Earope. 
They  have  been  diacoyered  in  England,  Spain,  Frauee,  Italy,  Sardinia,  Dal- 
matia,  Croatia,  Camioia,  S^ria,  Autaria,  Hungary,  Poland,  and  Germany.  In 
the  latter,  bone  caves  have  long  been  weU  known,  and  Cnvier  pointed  oat,  in 
1812,  that  they  extended  over  200  leagues  (Ossemens  Foesiles,  Ire  Ed.).  In 
1823  Dr.  Bnckland  took  a  general  yiew  of  the  subject  (BeliqmsB  DiluviansB)  as 
&r  as  it  was  then  known.  In  his  History  of  British, Fossil  Mammals  and 
Birds,  Professor  Owen  brought  it  up,  with  much  new  information,  to  1646, 
more  especially  as  regards  the  osseous  remains  of  this  kind  discovered  in  the 
British  Islands ;  and,  in  1848,  the  Vieomte  d'Archiac  (Histoire  des  Progr^  de 
la  G^logie,  toI.  ii..  Ire  Partie)  pnblished  abstract  statements  of  the  know- 
ledge obtsined  from  1834  to  that  dKte  respecting  ossiferous  caves  and  fissures, 
and  of  their  connection  with  the  superficial  deposits  of  the  more  recent  geological 
aecuninlations  in  various  parts  of  the  world.  Australia  has  furnished  its  ossi- 
ferous eaves  and  breccias,  the  remains  of  the  animals  detected  in  them  being 
chiefly  of  the  marsupial  character,  one  so  strongly  marking  the  mammalia  of 
that  land  in  the  present  day.  Part  of  the  species  of  mammals,  the  remains  of 
which  are  thus  obtained,  are  extinct,  while  others  still  live  in  Australia. 

t  As  regards  oscillations,  when  the  caves  were  situated  at  a  small  elevation 
above  a  tide>way  in  an  estuary,  or  at  such  a  distance  up  a  river,  tidal  at  the 
lower  end,  that  a  change  in  Uie  height  of  the  tides  wonld  alter  the  previous 
level  of  the  river,  there  could  be  oscillations  at  one  time  permitting  a  cave  to 
be  inhabited  by  predaceous  mammals,  at  others  so  filling  it  with  water  that 
they  retreated  from  it.  Where  there  are  alternations  of  stalagmitic  floors, 
covering  ewn  surfaces  with  bone  accumulations,  as  is  stated  to  have  been  the 
case  at  Cheekier,  on  the  banks  of  the  Mouse,  about  two  leagues  from  Li^ge^  it 
is  always  desirable  to  consider  the  extent  to  which  the  presence  or  absence  of 
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with  very  considerable  modifications  of  its  sur&ce,  there  are 
apparently  conditions  for  much  movement  amid  the  terrestari&l 
animals  of  thie  portion  of  the  Dortbem  hemisphere,  l^ey 
woald  be  sometimes  isolated  and  destroyed,  as  by  contiuaed 
depression,  the  sea  passed  over  their  feeding  grounds ;  at  odiers, 
they  would  retreat  to  regions  where  they  could,  tor  a  time,  esta- 
blish themselves  and  increase,  some  spedes  being  better  able  to 
preserve  themselves  than  others.  Upon  a  rise  of  the  sea  bottom, 
and  the  consequent  formation  of  new  lands,  migrations  would 
be  effected,  according  to  the  relative  levels  of  these  lands,  as 
regards  the  sea,  and  as  passages  for  the  movement  of  certun 
animals  would  sometimes  present  themselves  more  &vonrably 
in  one  direction  than  in  another.*    Evidence  of  the  accnmn- 


raffldent  inter  in  the  lover  parts  of  cavenw  may  bave  prodnoed  nieb  alterna- 
tioni,  the  roof  and  sides  slways  famiBbing  the  neediol  carbcmate  of  lime,  at  one 
time  forming  the  atalagmitic  cnuti,  at  another  being  too  mncb  dtspened  in  Ih« 
mter  to  sSord  a  deposit      ■ 

Though  the  osseoQS  breeds  beneath  the  Cattle  Hill  at  Nice,  of  whioh  th« 
following  (Fig.  Ill)  ii  a  lection  (made  in  1S37),  may  not  be  immediately  con- 
nected with  the  northern  morement  of  land  noticed  in  the  text,  it  may  yet  amit 
the  observer,  ai  ihowing  the  kind  of  evidence  which  may  oocaiio&ally  preeat 
itaelf.  The  foee  of  tbe  qoarry,  g,  had  been  cnt  back  beyond  the  fiwor^  the 
Rg    III.  lidea  of  which  were  bored  at  ^ f, ^  t7  the  oom- 

moD  Lil/iedimv,  now  inhabitiiig  that  psut  of  Ibe 
'  ■-  Mediterranean,  so  IhatitwaaoDce  anopen  flMDre 

beneath  the  lerel  of  the  lea,    Thii  fissnre,  np  to 
the  Up  of  the  cavity  on  that  ride,  c  then  became 
filled  with   rolled  pebble*,   duefly  tranqxirted 
from  a  ditlance,  and  atterwardi  cemented  by  cal- 
caieotu  matter.     Above  this  was  the  on«ou 
r   I>reoeia,  e,  rising  up  to  the  top  of  the  flNoie  on 
the  ride  a,  but  whether  this  wai  accnmnlated,  like 
most  osseombrDcciai,  on  di7  land,  ii  not  so  dear, 
marine  •*  well  •*  terrestrial  sbe^i  bring  mingled 
with  it.    QueODS  brcodaa  are  fbnnd  in  the  same 
vicinity  np  to  the  hdght  o^  al  least,  500  feet 
above  the  level  of  tbe  Mediterranean,  and  some  brecdas,  not  oesiferDaa,  bnt 
otherwise  rimilar,  solely  contain  marine  remains,  so  that  perhaps  these  Gasarca 
may  have  been  partly  fill^  on  dry  land  and  partly  in  the  sea.    At  Oagliari, 
Sardinia,  the  remains  of  a  Mj/blai  are  fbnnd  mixed  with  oskods  braccis  at 
150  feet  above  tbe  sea. 
*  Mr.  John  Morris,  when  noticing  the  occurrence  of  mammalian  ronains 
Brenl&rd  (Athenienm,  Pro.  Gkol.  Society,  6  Dec.  1849),  points  oat  as  inipot^ 
at "  that  it  is  generally  along  those  valleys  where  the  present  drainage  of  the 
itmtry  is  effected  that  we  find  the   moat  e:         '       '        '       ~ 
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lation  of  the  osseous  portioiis  of  elephants,  rhinoceroses,  and 
other  animals  of  several  of  the  same  species,  the  remains  of 
which  occur  in  accumulations  beneath  those  formed  at  the  cold 
or  *^  glacial"  time,  are  considered  to  have  been  detected  also 
above  them,  together  with  the  remains  of  some  mammals  not 
previously  inhabiting  the  area  of  the  British  islands,  and  adja- 
cent portions  of  the  continent  of  Europe.  This  subject  offers  a 
fertile  field  for  the  labours  of  an  observer.  Though  much  may 
have  been  accomplished,  much  remains  to  be  done,  and  it  will 
require  his  especial  care  to  see,  that  amid  the  new  lakes  and 
river  channels  formed,  when  the  ground  took  that  general 
configuration  which  we  now  find,  a  re-arrangement  of  bones, 
washed  out  of  the  older  deposits  containing  remains  of  the 
JSlepkas  primiffeniuSj  Rhinoceros  iichorkinus^  and  their  contem- 
porary mammals,  and  carried  into  the  newer  lacustrine  and 
fluviatUe  beds,  may  not  occasionally  be  such  as  to  mingle 
the  osseous  remains  of  the  species  of  one  time  with  those  of 
another. 

As  to  ossiferous  caves,  several  which  may  have  been  closed 
at  their  mouths  during  a  time  of  submergence^  may  have  been 
re-opened  by  the  subsequent  removal  of  the  detrital  matter 
then  accumulated,  so  that  animals  of  the  later  time  and  of 
suitable  habits  again  entered  or  dragged  their  prey  into  them ; 
other  caverns  being  laid  open  for  the  first  time  for  the  entrance 
or  fall  of  mammals,  from  the  removal  of  the  rock  or  other 
deposits  over  or  against  them,  by  the  ordinary  marine  causes  of 
denudation,  during  a  depression  and  subsequent  upheaval  of 
the  land.     Many  an  equality  is  covered  over  by  gravels,  con- 


renudns  and  recent  shells,  and  eonsequently  that  very  little  alteration  can  have 
taken  place  in  the  physical  oonfignration  of  the  country  since  their  deposition. 
The  remains  discoTered  at  Brentford,  and  giving  rise  to  these  obserrations,  were 
those  of  the  elephant,  rhinoceros,  hippopotamus,  anroch,  short-horned  ox,  red 
deer,  rein  deer,  and  great  care  tiger  or  lion.  A  few  shells  of  recent  iiresh- 
water  species  were  fbond  at  the  same  time.  As  regards  the  existence  of  land 
and  fresh-water  moUoscs,  of  the  kinds  still  inhabiting  Britun,  Mr.  Searles 
Wood,  in  his  remarks  *<  On  the  Age  of  the  Upper  Tertiaries  in  England " 
(Athenssiun,  Geol.  Society,  5  Dec.  1S49),  infers,  from  a  list  of  the  mammals  at 
different  geological  periods,  **  that  a  race  of  animals  has  arisen  and  departed 
whilsC  the  land  and  fresh- water  mollnsca  hare  lived  on  nnaltered,"  and  also 
that  *^  fresh-water  mollnsca  hare  a  greater  specific  longevity  than  marine." 


M 
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cealing  fonoer  inequalities,  amid  which  there  may  be  caves 

and  fiasures,  OBBiferoiu  or  not,   according  to  drcwiatrtanceg. 

The  accompanyiDg  section  (Fig.  1 12)  is  one  of  a  quarry  wher^ 

Fig.  na. 


limestone  b,  b,  presenting  a  very  irregular  outline,  is  corered 
over  by  gravels  a,  a,  giving  a  general  ronnded  outline  to  the 
BuHace.  The  quarry  is  ratuated  at  WaddoB  Barton,  near 
Chadleigh,  Devon,  and  the  limestone  is  of  the  kind  (Devonian) 
wherein  several  caverns  and  fissures  of  the  district  are  found 
(Kent's  Hole,  Yealm  Bridge,  Plymouth  and  elsewhere),  partly 
osnferous  and  partly  without  bones.  Amid  such  varied  modi- 
fications of  surface  as  would  follow  submergence  beneath,  or 
emergence  from  seas,  at  one  time  perhaps  bounding  the  area 
of  the  British  islands  and  adjacent  portions  of  the  Continent, 
as  represented  (Rgs.  65  and  99)  by  a  line  of  depth,  now  no 
more  than  600  feet  beneath  the  surface  of  the  Atlantic ;  at 
another  cutting  existing  highlaods  at  about  1000  or  1300 
feet  above  that  level,  and  finally  produdng  the  present  distri- 
bution of  land  and  water  in  Western  Europe,  it  could  scarcely 
happen  but  that  caves  and  fissures  were  placed  imder  many 
modifications  of  condition.  Not  only  may  they  have  been 
closed  at  one  time,  and  open  at  another,  never  completely 
blocked  up,  or  pfreviously  laid  open,  as  above  noticed,*  but 

*  Hiuiag  opentioiu  in  limealoDc  diitrieU,  nicb,  for  iiutuioe,  m  tbkt  of  Derby- 
him,  mffittd  nameroiu  imtBiicei  of  the  irregular  diitribatioD  of  civem*,  to  tbas 
ev  taihott  of  land  bdsg  prodnced,  chuiget  of  thii  kind  voold  foUo*.    11k 
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they  may  also  be  cut  back  in  such  a  manner  with  the  adjacent 
rocks,  that  though  they  contain  the  osseous  remains  of  earlier 
times,  they  are  now  apparently  unfit,  or  at  least  most  incon« 
yeniently  situated^  for  die  retreat  or  d^is  of  jHredaceous  mam- 
mals, or  for  trap-falls  to  them  and  the  animals  oix  which  they 
lived.* 

With  cegard  to  the  migration  of  the  great  mammals  of  the 
northern  hemisphere  immediately  before,  during,  and  after  the 
time  when  the  cold  is  inferred  to  haye  been  such  as  above 
noticed,  and  when^  by  means  of  ice,  huge  masses  of  rock  and  other 
detritus  were  transported,  and  thrown  down  on  sea  bottoms, 
parts  of  whidi,  upraised,  now  constitute  a  large  portion  of  the 
dry  land  of  Northern  Europe,  Asia  and  America,  it  becomes 
interesting  for  the  observer  to  consider  the  mode  of  occurrence 
of  the  remains  of  the  mastodon^  a  genus  of  great  proboscidian 
mammalfs  approximating  to,  and  of  about  the  bulk  and  general 
form  of  the  elephmat.  Those  discovered  in  England  have  not 
been  numerous^  and  have  hitherto  oviy  been  obtained  from 
accumulations  in  NcH^olk,t  formed  anterior  to  those,  in  the 

SpeedweU  Mine  in  that  county  is  a  good  example  of  a  lofty  cave,  cat  into 
while  driying  a  mining  tunnel,  this  caTcrn  evidently  commnnicating  with  the 
great  cave  of  the  Peak  at  Castleton,  since  the  rabbit  ftx>m  the  one  gets  drifted 
into  the  other  by  the  water  passing  through  a  series  of  subterranean  channels. 
It  was  in  1822,  while  working  the  Dream  lead-mine,  near  Wirksworth,  in  the 
same  district,  that  a  eaTcmous  termination  to  a  fissure^  communicating  with 
the  aartictf  was  discovered ;  one  which  was  found  by  Dr.  Buckland  to  contain 
among  other  osseous  remains,  those  of  a  Bhtrntcerog  tiekorhinus  so  placed  as  to 
leave  little  doubt  that  they  oonsdtuted  the  skeleton  of  an  animal  which  had 
mien  from  above  through  the  fissure. — See  Beliquice  DUuviante,  p.  61-67, 
and  Plate  X. 

*  Dr.  Buckland,  in  1823  (Beli<{uisB  JXluvianie,  p.  96),  descrilung  the  Pavi- 
laad  cave^  oeeurring  in  the  face  of  a  limestone  cliff  near  Swansea,  remarks  on 
this  kind  of  denudatioD,  observing  that  these  caves  are  analogous  to  those  **  in 
the  equally  vertical  and  not  less  lofty  cliffs  that  flank  the  inland  valleys  of  the 
Avon  at  Clifton  (Bristol),  of  the  Weissent  river  at  MuggendoH;  of  the  Bode 
river  at  Bnbeland  in  the  Harts,  and  of  the  Mnr  at  Peckaw,  near  Grata,  in 
SnjTVi ;"  all  these  being  the  truncated  portions  of  ossiferous  caverns  cut  back 
by  denuding  infjueneea, 

t  The  ^  Crag,"  as  these  deposits  are  usually  termed,  is  an  accumulation  of 
gravel,  sand,  and  clay,  with  often  an  abundance  of  shells,  extending  over  parts 
of  Norfolk,  Suffblk,  and  Essex.  It,  and  deposits  above  it,  have  been  described 
by  Mr.  Taylor  (Geology  of  East  Norfolk*  1827),  Mr.  Woodward  (Geology  of 
Norfblk,  1833),  Mr.  Charlesworth  (London  and  Edin.  PhiL  Magasine,  1835; 
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British  Islands,  in  which  are  found  the  remains  of  the  Elephas 
primiffenius,  the  Rhinoceros  tichorhintiSj  and  other  mammals  of 
that  time.  As  far  as  can  be  inferred  firom  negative  evidence, 
the  Mastodon  angustidms^  the  species  which  inhabited  the 
British  area  and  parts  of  Europe,*  had  passed  away,  at  least  in 
the  former,  before  the  mammoth  appeared.  Wherever  this 
elephant  may  have  retreated  during  the  supposed  greater  cold  in 
the  higher  latitudes  of  the  northern  hemisphere,  it  passed,  in  its 
subsequent  migration,  into  North  America,  apparently  roaming 
amid  the  same  districts  with  a  gigantic  mastodon  {M.gigantetLs\ 
if  the  inference  be  correct,  that  the  dispersion  of  the  erratic 
blocks  and  associated  detritus  of  that  re^on  was  contempora- 
neous with  that  over  northern  Europe.  At  all  events,  the 
surface  on  which  both  these  mammals  fed,  appears  certainly 
to  have  been  that  which  resulted  firom  the  dispersion  of  such 
accumulations  in  North  America,  both  animals  sometimes 
lost  in  boggy  ground,  as  many  an  animal  now  is  at  the  present 
day,  and  there  perishing,  their  bones,  after  the  decay  of  the 
flesh,  preserved  in  a  certain  amount  of  original  arrangement. 
If  it  should  eventually  be  found  that  the  remains  of  the  mam- 


British  Association,  1836,  &o.)»  Sir  Charles  Lyell  (Mag.  Nat  Hist,  new  teries, 
Tol.  iii.,  1839;  London  and  Edin.  Phil.  Mag.,  1840),  Mr.  Searles  Wood  (Ca- 
talogae  of  Craig  shells,  Mag.  Nat  Hist  1840-42),  Mr.  Trimmer  (Geology  of 
Norfolk,  Journal  of  the  Agricultural  Society,  vol.  yii.)>  and  others.  The  lower 
part  of  these  deposits  is  known  as  the  Coralline  Crag^  from  containing  numerous 
fossil  corals,  and  400  species  of  shells  are  stated  to  he  found  in  it  Upon  this  re- 
poses the  Bed  or  Norfolk  Crag,  in  which  800  species  of  shells  haye  heen  found, 
ahout  half  of  the  latter  occurring  also  in  the  coralline  crag.  Ahove  these  are  heds 
known  as  the  MantmiliferouSf  or  Fluvio-marine  Crag^  containing  fresh-water 
accumulations.  In  connexion  with  the  latter,  and  stated  to  be  rooted  upon  it, 
there  are  the  remains  of  a  forest  of  fir-trees.  Mr.  Trimmer  also  notices  a 
marine  deposit  between  the  fresh-water  beds  and  the  succeeding  mass  of  boulder 
clay,  the  parts  of  which  are  so  strangely  contorted  and  twisted,  the  effects,  it 
has  been  inferred,  of  the  action  of  grounded  icebergs  and  coast  ioe  on  a  sea 
bottom  or  coast.  Though  there  have  been  doubts  expressed  as  to  the  beds  to 
which  some  of  the  mammalian  remains  should  be  referred,  it  seems  agreed  that 
those  of  the  Mastodon  angustideue  occur  in  the  fluvio-marine  or  fresh-water 
accumulations,  which  are  also  remarkable  for  containing  many  existing  shells. 
Dr.  Mantell  mentions  (Wonders  of  Geology,  6th  edit,  1848,  yol.  i ,  p.  224,) 
'hirteen  teeth  of  the  mastodon  as  haying  been  obtained  from  the  latter. 

•  The  remains  of  the  Mastodon  angustideus  have  been  disooyered  in  France, 
vermany,  and  Italy. 
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moth  do  not  occur  in  lower  deposits  of  North  America,  that 
the  North  American  is  certainly  the  same  elephant  with  the 
Elepluu  primogeniasj  and  that  the  erratic  blocks  and  associated 
drift  of  both  regions  are  really  contemporaneous,  there  will 
have  been  evidence  of  a  remarkable  migration  of  the  mammoth 
from  the  west  to  the  east,  after  an  interval  of  increased  cold 
in  the  northern  re^ons,  and  a  submergence  of  them  beneath 
the  sea.  On  the  east  the  mammoths  would  have  become  asso- 
ciated with  a  species  of  a  huge  proboscidian  which  had  dis- 
appeared, as  a  genus,  from  Western  Europe,  prior  to  their 
existence  there,  but  which  still  continued  to  flourish  on  the 
continent  of  America.  The  remains  of  the  mastodon  are 
stated  to  be  found  amid  the  superficial  deposits  of  that  con- 
tinent as  far  as  latitude  66"^  N.,  thus  bringing  them  within  the 
climates  apparently  not  unfavourable  to  the  mammoth,  though, 
as  Professor  Owen  as  remarked,  *^the  metropolis  of  the  Mas^ 
todan  giganteus  in  the  United  States,  like  that  of  the  Mastodon 
angtistideus  in  Europe,  lies  in  a  more  temperate  zone,  and  we 
have  no  evidence  that  any  species  was  specially  adapted,  like 
the  mammoth,  for  braving  the  rigours  of  an  arctic  winter.'** 

The  observer  will  readily  perceive  that  much  requiring 
great  care  is  needed  in  investigations  of  tins  kind,  and  that, 
when  endeavouring  to  trace  the  paths  by  which  such  animals 
may  have  migrated,  and  to  ascertain  the  localities  from  whence, 
after  retreating,  they  may  again  have,  in  part,  been  dispersed, 
districts  over  which,  during  the  lapse  of  the  supposed  geolo- 


*  <«  Hist,  of  British  Fossil  Mammals/'  p.  297. 

Respeeting  the  remains  of  the  MaUodon  giffontmu,  Bighone  Lick,  in 
northern  Kentnoky,  and  abont  seren  miles  up  a  tributary  of  the  Ohio,  has  long 
been  celebrated  for  them,  and  fhej  have  also  been  discovered  in  several  other 
localities.  The  ^  lick"  \b  so  called  from  the  saline  springs  -which  various  ani- 
mals frequent.  Even  the  contents  of  the  stomach  of  the  Matiodon  gigantetu  have 
been  discovered,  containing  crushed  branches  and  leaves,  grass,  and  a  reed  now 
weU  known  in  Virginia.  A  summary  of  the  knowledge  respecting  the  mode 
of  occurrence  of  the  American  mastodons  will  be  found  in  Sir  Charles  Lyell's 
Travels  in  North  America.  In  his  Paper  (Proceedings  of  the  Geol.  Society, 
▼o1.  iv.,  p.  36, 1848,)  on  the  Greological  Position  of  the  Mastodon  ffigantettm, 
and  assodated  Fossil  Remains  of  Bigbone  Lick,  Kentucky,  and  other  localities 
in  the  United  States  and  Canada,  he  pointed  out  that  **  on  both  sides  ot  the 
Ai^Mlachian  Chun  the  ibssil  shells,  whether  land  or  firesh-water,  accompanying 
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gical  time,  no  seas  have  passed,  are  of  no  slight  yalue.  Hence, 
among  other  objects  of  geological  interest,  the  region  of  extinct 
volcanos  in  Central  France,  is  important,  inasmuch  a&  it  seems 
to  have  constituted  dry  land  during  a  range  of  time,  when 
several  animals  which  once  lived  on  its  snr£Bu»  became  ex* 
tinct,  among  them  the  mammoth  and  Bkinoeeros  tichcrkitms* 
Amid  the  various  notices  of  the  remains  of  mammals  found 
in  situations  giving  them  geological  date,  may  be  mentioned 
that  of  M.  Pomel,  wherein  he  describes  an  ossiferous  fissure 
in  a  lava  current  (near  Orbi^res,  on  the  south  of  Clermont), 
which  had  issued  from  Gravenoire.  It  was  filled  with  volcanic 
sand,  pulverulent  carbonate  of  lime,  and  bones  which  are 
stated  to  be  the  same  as  those  of  Coudes  and  other  oontempo^ 
raneous  accumulations,  containing  the  remains  of  the  elephant, 
Rhinoceros  tichorhinusy  horse,  ox,  &c.*  Land  shells,  of  species 
now  existing  in  the  district,  are  mentioned  by  M.  Pomel,  as 
associated  with  these  ossiferous  deposits,  so  that  in  this  region 
also,  as  in  others  of  Europe  and  North  America,  great  mam- 
mals have  become  extinct,  while  land  and  fresh-water  mol- 
luscs, living  with  them,  have  continued  to  exist  up  to  the 
present  time. 

Vokanos  and  their  products. — Distributed  oyer  various  por- 
tions of  the  earth's  surface,  as  well  in  high  southern  and 
northern  latitudes,  as  in  temperate  and  tropical  regions;  at 
points  in  the  ocean  fer  distant  from  main  masses  of  dry  land, 
as  well  as  upon  the  latter  themselves^  free  communications  are 
effected  between  the  interior  of  our  planet  and  its  atmospheric 


the  bones  of  the  mattodonst  agree  with  speoies  of  moUotoa  noir  uhsbiUng  the 
same  regions."  He  also  conoladed  that  '*  the  extinet  qoadrapeds  before  aUuded 
to  in  the  United  States  (mastodon,  elephant,  mylodon,  megatherium,  and 
megaloniz,}  lired  after  the  deposition  of  the  northern  drift ;  and  oonseqnently 
the  coldness  of  dimate,  which  probably  ooinoided  in  date  with  the  tmnspOTtal 
of  the  drift,  was  no^  as  scmie  pretend,  the  cause  of  their  extinetioD." 

*  Boll,  de  la  Soc  de  France,  torn.  xIt.,  184]I-3.  A  very  instmctite  lectare  was 
giTen  by  Sir  Charles  Lyell,  at  the  Boyal  Institation  of  Great  Britain,  on  tins 
region,  in  1847,  an  aocoont  of  which  ^>peared  in  the  Athensnm  of  the  time. 
He  espedally  called  attention  to  changes  whioh  its  mammals  had  undergane» 
as  shown  by  the  osseous  remains  preserved  in  the  allnrinms  asBoeiated  with 
yolcanic  accnmnlations,  *'  no  flood  or  retnm  of  the  ocean  having  dialarbed  th« 
surface." 
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oovering,  through  which  molten  rock,  cinders,  and  ashes  are 
ejected.  That  great  heat,  if  not  the  primary,  is  at  least  a 
chief  secondary  cause  by  which  these  mineral  sahstances  are 
thus  upheaved,  is  rendered  evident  by  the  hi^  temperature  of 
tfie  bodies  thrown  out.  The  molten  rook  flows  as  a  tiscous 
fluid,  and  retains  its  high  temperature  for  a  long  succesfflon  of 
years ;  and  nuneral  substances  are  volatilized,  which,  we  learn 
from  our  laboratories  and  furnaces,  are  only  raised  to  that 
state  by  great  heat.  At  the  same  time  that  these  mineral 
bodies  are  ejected,  vapours  and  gases,  of  a  certain  marked 
character,  are  expelled,  so  that  by  carefully  combining  the 
mode  of  occurrence  of  the  various  products,  with  the  compo^ 
sition  of  the  substances  themselves,  an  observer,  by  the  aid  of 
sound  chemistry  and  physics,  may  hope  so  to  direct  his  in- 
quiries, as  to  obtain  a  fisiir  insight  into  the  causes  and  effects 
of  volcanic  action. 

As  regards  altitude  above  the  level  of  iihe  sea,  a  somewhat 
fallacious  mode  of  measurement,  inasmuch,  as  iar  as  volcanic 
products  are  concerned,  they  may  be,  and  are  accumulated 
upon  rocks  of  a  difierent  kind  at  various  heights  above  that 
level,  doubtless  also  forming  the  basis  of  many  volcanos 
beneath  it  on  the  floor  of  the  ocean,  the  highest  known  volcanos 
constitute  such  an  insdgnificant  fraction  of  the  earth*s  radius, 
that  when  phenomena  common  to  numerous  points  on  the  earth's 
sur&ce  are  under  consideration,  variations  in  height  do  not 
appear  to  offer  any  great  aid  in  ascertaining  the  causes  of 
volcanic  action,  though  certain  of  its  effects  may  thereby  be 
somewhat  modified,  especially  when  volcanos  rise  into  the 
regions  of  perpetual  snow.  Catopaxi,  the  cone  of  which  rises, 
in  the  Andes,  12  leagues  S.S.E.  from  Quito,  to  the  height  of 
somewhat  more  than  19,000  feet  above  the  sea,  forms  but  an 
insdgnificant  part  of  3963  miles,  the  radius  of  the  earth,  not 
constituting  so  much  as  3j  miles  of  that  radius,  or  about 

'  rthofit* 


*  Humboldt  (Koemos)  refers  to  the  relatiye  height  of  volcanos  as  probably 
of  eoosequenoe  if  we  should  assume  their  seat  of  action  at  an  equal  deptib 
beneath  the  general  sur&ce  of  the  earth.  He  refers  to  eruptions  being  com- 
monly more  rare  from  lofty  than  from  loir  Tolcaaos,  enumerating  the  foUow* 
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With  respect  to  the  kind  of  openiDgs  through  whidi  the 
gaseouB  and  mioeral  substances  are  vomited  forth,  there  hae 
existed  much  difference  of  opinioii.  While  some  geologists 
infer  that  the  rocks  through  which  the  volcanic  forces  found 
vent  had  been  so  acted  upon  that  they  were  upraised  in  a 
dome-like  manner,  the  gaseous  products  bursting  through  Uie 
higher  part,  driving  the  hghter  substances  into  the  atinosph»«, 
if  the  dome  were  elevated  into  it,  and  raiang  the  viscona 
molten  rock,  so  that  it  flowed  out  of  the  orifice ;  others  con- 
sider that  there  has  been  a  simple  fissure  or  aperture  in  the 
prior-formed  rocks  through  which  the  volcanic  products  were 
propelled,  the  solid  substances  accumulating  round  the  vent, 
so  that  a  deceptive  dome-like  appearance  is  presented. 

The  fbllo#iiig  sections  (Figs.  113and  114)  may  assist  in  show- 
ing the  differences  between  the  "  craters  of  elevation,"  first 
brou^t  under  notice  by  M.  Von  Buch,  and  bo  ably  illustrated 
by  M.  filie  de  Beaumont  and  other  geologists,  and  the 
"craters  of  eruption,"  as  they  have  been  termed.  Fig.  113 
represents  a  portion  of  deposits  more  or  less  horizontally  ar- 
ranged, fractured  and  upraised  in  a  conical  or  dome-shaped 

Fig.    113. 


mass,  a  portion  of  them,  g  acbh,  being  dirided  and  rent  at 
c,  so  that  volcanic  forces,  presEdng  through,  find  vent  For  the 
sake  of  illustration,  the  rocks  broken  are  assumed  to  be  accu- 

ingi— Stromboli,  2318  feet  (Engliih);  Giwcwnftyo  (Proyince of  Qniros),  where 
fliere  are  ftlmnt  daily  detonstioni ;  VeniTitu,  3876  feet;  Etna,  10,870  fcet; 
PertofTeneriflfe,  12,170  feet;  and  Catopaii,  19,070  feet 


CRATERS  OP  ERUPTION.  369 

mulated  in  beda.  This  is  by  no  means  essential,  the  mage  dis- 
rupted may  have  been  composed  of  certain  crystalline  rocks, 
each  as  granite,  to  be  hereafter  noticed,  bearing  no  marks  of 
stratiform  arrangement,  if  now  ashes  and  cinders  be  thrown 
out  of  this  reat,  and  accumulate  in  more  or  less  conical  layers, 
one  outade  the  other,  until  at  y  and  A  the  original  and  up- 
heaved beds  are  concealed,  and  a  crater  presents  itself  at  v, 
through  which  similar  substances  continue  to  be  thrown,  it 
may  be  very  difficult  to  distinguish  such  an  arrangement  of 
ports  from  those  e^cted  by  the  propulsion  of  ramilar  sub- 
stances through  a  simple  longitudinal  crack,  as  represented  in 
Fig.  114.  Id  this  section,  a  series  of  beds,  a  b  (for  more  con- 
Fig.  114. 


trast  represented  as  upraised  in  a  mass,  and  as  all  sloping  or 
dipping  in  one  direction),  is  traversed  by  a  crack,  which,  though 
it  divides  tbe  beds,  has  not  been  accompanied  by  upheaval  or 
depression  of  one  side  or  the  other.  Through  this  vent,  c, 
dnders  and  ashes  are  supposed  to  have  accumulated  in  conical 
layers,  as  before,  the  apex  crowned  by  the  crater  v. 

It  will  be  obvious  that  in  both  cases,  if  the  volcanic  accu- 
mulations had  been  aubaerial,  even  with  the  addition  of  the 
flow  of  lava  corrents,  and  of  cracks  amid  the  ashes  and  cinders 
filled  with  molten  rock,  (which  have  been  excluded  from  the 
sections  to  render  them  more  simple,)  much  difficulty  would 
arise  from  the  general  simiUrity  in  the  arrangement  of  the 
volcanic  prodaets  exposed  to  aght,  unless  denudation  from 
atmospheric  influences,  or  the  dnking  or  blowing  off  of  a  large 
part  of  tiie  volcano,  had  afforded  a  better  insight  into   thr 
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general  structure  of  the  mass,  so  that,  as  shown  by  fig.  113, 
portions  of  subjacent  and  tilted  beds  of  dissimilar  rocks  could 
be  seen,  as  at  ^  and  A,  or  of  similar  yolcanic  accumulations,  as 
in  Fig.  114. 

Evidence  of  a  better  kind  would  be  expected,  should  the 
ashes*  cinders,  and  molten  matter  have  been  accumulated  both 
beneath  and  above  a  sea  level,  the  action  of  the  breakers  de- 
nuding the  general  mass,  so  that  more  illustrative  sections 
would  be  afforded.  Thus,  if  upraised  above  the  sea  leyel,  the 
original  dome  or  cone-shaped  rocks,  a  b  (Iig.  113),  though 
covered,  for  a  time,  by  a  mass  of  matter,  ff  v  hj  the  result  of  a 
high  state  of  activity  in  the  volcano,  may  finally  become  visible, 
and  afford  the  information  sought.  In  the  same  manner, 
evidence  of  another  kind  may  be  obtsuned,  as  regards  the 
accumulation  from  simple  volcanic  eruption,  by  marine  denu- 
dation, as  shown  in  Fig.  114.  In  both  sections  it  is  sup- 
posed, that  volcanic  action  not  ceasing,  conical  accumulations 
may  continue  to  be  formed  inside  a  crateriform  cavity,  more  or 
less  occupied  by  water,  clifls  all  round  facing  an  active  volcanic 
vent,  as  at  f,  Yig.  113. 

Under  even  these  favourable  circumstances,  the  observer 
should  employ  great  caution.  The  fjEUSts  presented  to  him 
may  require  no  little  comparison  and  clasnfication,  for  in  such 
localities,  more  especially,  he  has  to  consider  how  far  the  rela- 
tive levels  of  the  sea  and  land  may  have  remained  the  same 
since  the  various  accumulations  before  him  have  been  effected. 
Let  it  be  supposed,  for  illustration,  that  he  detects  organic 
remains  in  beds  surrounding  the  interior  basin  of  water,  in 
which  the  volcanic  island  still  vomits  forth  various  gases  and 
products.  Should  the  deposits  ff  and  h  (Fig.  113),  be  of  the 
more  recent  geolo^cal  times,  commonly  marked  by  the  pre- 
sence of  the  remains  of  molluscs,  not  much,  if  at  all,  differing 
from  those  still  existing  in  the  vicinity,  and  should  the  mineral 
composition  of  the  including  beds  not  be  decisive  on  the  point, 
the  subject  may  not  be  so  clear,  unless  the  angle  to  which  the 
deposits  are  upraised  be  such  as  to  preclude  the  idea  that 

3y  were  in  that  manner  accumulated.    By  reference  to  the 

xtion  (Rg.  114),  it  will  be  seen  that  if  the  line  d  «,  represent-* 
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ing  tbe  present  level  of  the  sea,  be  raised,  and,  consequently) 
the  whole  mass  of  rocks,  including  the  supporting  deposits,  acb^ 
relatively  depressed^  that  the  layers  now  above  the  sea,  being 
then  below  it,  molluscs  may  have  lived  upon  and  amid  these 
layers  while  they  successively  constituted  the  sea  bottom,  as 
upon  any  other  sea  bottoms,  and  as  many  molluscs  must  now 
do  around  volcanic  islands.  There  is  no  difficulty  in  con- 
ndering  that  during  a  long  lapse  of  time,  breaker  action  aided 
in  the  re*arrangement  of  many  substances,  including  animal 
remains,  on  the  subaqeous  slopes  of  volcanos,  the  angle  of  the 
beds  varying  according  to  obvious  conditions.  Any  change 
in  the  relative  levels  of  the  sea  and  land,  which  the  observer, 
as  he  pursues  his  researches,  will  find  to  have  been  so  frequent, 
and  often  so  considerable,  that  should  raise  the  general  mass, 
(Fig.  114),  so  that  de  be  the  line  of  sea  level,  would  expose  the 
edges  of  these  fossiliferous  beds  facing  the  interior.  And  it 
should  be  borne  in  mind,  that  in  many  localities  calcareous 
beds,  and  even  limestone,  may  become  mingled  with  such 
deposits  during  their  submarine  accumulation. 

When  studying  the  fractures  and  contortions  of  rocks,  as 
well  on  the  small  as  the  large  scale,  an  observer  will  have 
frequent  occasion  to  remark,  as  will  be  more  particularly 
shown  hereafter,  the  mixture  of  flexures  and  fissures,  and  the 
extension  of  the  one  into  the  other.  The  subjoined  example 
(Rg.  115)  of  the  termination  of  a  fracture  or  a  flexure,  occur- 
ring amid  the  slightly  inclined  beds  of  lias  near  Lyme  Regis, 
Dorset,  may  aid  in  illustrating  a  point  of  much  interest  con- 
Fig.  115. 


nected  with  the  present  subject,  namely,  that  in  the  more 
marked  instances  adduced  of  *'  craters  of  elevation,"  a  con- 
siderable break  or  outlet  is  often  found  on  one  side.    The 
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plan  (I^ig.  115)  Bhow8  an  alteniation  of  the  thin  bedded  lime- 
stODe  of  the  lias  of  Dorsetshire  witli  shale,  the  whole  broken 
through  by  a  crack,  a  b,  the  continuation  of  one  where  there 
is  dislocation  prodncing  movement  on  the  ^des,  and  which 
terminates  in  a  boss  at  b,  with  somewhat  diverging  small 
cracks.  The  interior  is  composed  of  limestone,  round  wtuch 
shale,  covering  it,  is  exposed  by  the  pear-shaped  protnifflon, 
ontade  which  is  another  limestone  bed,  cec,  dipping  outwards 
from  the  central  portion  b,  the  whole  taking  a  more  horizontal 
character  towards  a,  where,  for  a  certfun  length,  the  plane 
surface  is  merely  broken  by  a  fissure.  With  proper  forces  and 
resistances  employed,  a  like  disposition  of  parts  could  be  ob- 
tained on  the  large  scale. 

If,  as  on  the  subjoined  plan  (Fig.  116),  such  a  state  of  things 

has  been  brouf^t  about  on  the  large  scale,  and  volcanic  forces 

have  been  enabled  to  find  vent  at  different  points,  there  may 

be  good  evidence  of  a  crater  of  elevation,  and  of  other  volcaoos 

Kg.  Hfl. 


presenting  no  such  evidence,  all  situated  on  a  great  line  of 
fracture  ending  in  a  dome-like  flexure,  with,  perluqw,  a  com- 
mon communication  between  them.  Atdac,  the  beds  broken 
through  would  dip,  with  radiating  cracks,  around  a  gorge 
opening  in  the  direction  of  the  main  fissure  towards  b,  while 
surrounding  the  volcanic  vents,  e  and/,  the  strata  may  be  hori- 
zontal. Under  such  circumstances,  the  volcanic  accumulations 
being  continued,  so  that  they  may  be  intermingled,  if  the 
whole  be  regarded  with  reference  to  depression  beneath  the 
sea,  or  elevation  above  its  level,  the  observer  will  perceive  tliat 
numerous  complications  would  arise,  requiring  no  slight  cai« 
roperly  to  appredate. 
As  there  is  every  reason  to  infer  that  volcanic  substances 
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have  been,  and  are  ejected  at  various  depths  beneath  the  sea 
level,  as  well  as  above  it,  the  modifications  of  the  products 
arising  under  the  former  conditions  have  to  be  properly 
estimated,  more  particularly  when  we  have  to  associate  such 
modifications  with  changes  in  the  relative  levels  of  sea  and 
land,  80  that  accumulations  formed  at  various  depths  beneath 
water  may  be  mingled  with  those  gathered  together  in  the 
atmosphere.  That  subaqueous  would  gradually  approximate 
to  subaerial  deposits,  as  the  accumulations  round  volcanic  vents 
rose  from  different  depths  in  the  sea  above  its  level,  will 
readily  be  understood.  When  eruptions  pierce  through  the 
sea  level,  ashes,  cinders,  and  stones  are  gathered  round  a 
crater,  and  vapours  and  gases  are  evolved,  as  happened  off 
St.  Michael's,  Azores,  in  1811  (p.  116),  and  in  the  Mediter- 
ranean, between  Pantellaria  and  the  coast  of  Sicily  in  1831 
(p.  80).  At  such  times  the  volcanic  forces  so  accumulate 
mineral  substances  around  the  vent,  and  so,  for  the  time,  over- 
power the  action  of  the  sea,  that  it  is  not  until  these  forces 
have  been  expended,  or  greatly  abated,  that  the  breakers  can 
abrade  the  land,  and,  supposing  no  subsidence,  or  falling  in 
of  the  mass  of  volcanic  matter  thus  raised,  and  the  latter 
sufficiently  incoherent,  level  off  the  accumulations  to  the  depths 
to  which  waves  can  mechanically  act. 

Fully  to  appreciate  the  modifications  which  may  arise  in 
volcanic  action  at  various  depths  in  water,  productive  of 
effects  which  can  only  be  inferred,  very  careful  study  of  the 
gases  and  vapours  evolved,  of  the  chemical  composition  and 
mineralogical  character,  and  of  the  mode  of  occurrence  of  the 
solid  substances  thrown  out  from  subaerial  volcanos,  is  needed. 
With  regard  to  the  vapours  and  gases  evolved,  the  chief 
appear  to  be  aqueous  vapour  or  steam,  sulphurous  acid,  sul- 
phuretted hydrogen,  hydrochloric  acid,  and  carbonic  acid. 
Steam  is  a  very  common  product,  and,  as  Dr.  Daubeny  has 
remarked,  is  sometimes  emitted  for  ages  from  volcanic  fissures.* 

*  **  Description  of  Active  and  Extinct  Volcanos,"  2nd  edit,  p.  607 ;  1848.  There 
woald  appear  to  be  a  constant  emission  of  steam  from  Tongariro,  New  Zealand, 
a  Tolcanic  moontain  rising  to  aboat  6200  lieet  abore  the  sea.  Prom  time  to 
time  hot  water  and  mud  are  ejected,  and  poor  down  the  mountain  side,  **ooapled 
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Hydrochloric  acid  is  also  common  in  various  parts  of  the 
world.  Sulphurous  acid  has  been  inferred  to  predominate 
^^  chiefly  in  volcanos  having  a  certain  degree  of  activity ;  whilst 
sulphuretted  hydrogen  has  been  most  frequently  perceived 
amongst  those  in  a  dormant  condition."  *  Carbonic  acid  is 
observed  at  the  close  of  eruptions,  or  in  extinct  volcanos,  and 
is  stated  to  be  emitted  more  from  the  bases  and  neighbourhood 
of  volcanos,  than  frt)m  their  crater8.t  Besides  these  gaseous 
products,  which  can  be  collected  when  volcanic  vents  can  be 
approached  sufiSdently  near  for  the  purpose,  it  is  now  con- 
sidered that  there  is  an  inflammable  gas  occasionally  evolved 
from  some  craters  and  volcanic  fissures,  which  gives  the  flame 
often  mentioned,  but  at  one  time  much  doubted.  Of  what 
kind  this  gas  may  really  be,  appears  as  yet  uncertain,  and 
may  long  remain  so,  inasmuch,  as  it  seems  chiefly  evolved 
under  conditions,  such  as  violent  eruptions,  unfavourable  to 
examination.  Flame  observed  by  Professor  Pilla  to  be 
emitted  from  the  crater  of  Vesuvius,  in  June,  1833,  was  of 
a  violet  red  colour,  and  the  gas  producing  it  inflamed  only 
when  in  contact  with  the  air.  X    As  Dr.  Daubeney  observes, 

with  ejections  of  steam  and  black  smoke,  with  a  noise  like  that  of  a  steam 
engine,  but  no  laya  or  sooris."    lb.  p.  429. 

*  Daabeny,  '*  Volcanos,"  2nd  edit,  p.  608.  As  regards  the  discharge  of  snl- 
phoroas  acid  and  solphnretted  hydrogen,  the  one  more  in  some  places  than  in 
others.  Dr.  Daubeny  remarks,  that  the  presence  of  the  one  does  not  prove  the 
entire  absence  of  the  other,  since  these  two  gases  when  they  meet  decompose 
each  other,  forming  water  and  depositing  solphnr ;  and  **  that  merely  the 
portion  of  either  which  exceeds  the  qnantity  necessary  for  their  mntnal  decom- 
position will  escape  from  the  orifice;  so  that  the  gas  which  actually  appears  indi- 
cates only  the  predominance  of  the  one,  and  not  the  entire  absence  of  the  other.** 

t  Daubeny,  «  Volcanos,"  2nd  edit,  p.  612. 

I  Edinburgh  New  Philosophical  Journal,  1843.  From  observations  made  by 
him  in  the  crater  of  Vesuvios  in  1833  and  1834,  Professor  Pella  concluded  that 
flames  never  appear  at  Vesuvius  but  when  the  volcanic  action  is  energetic,  and 
is  accompanied  with  a  development  of  gaseous  substances  in  a  state  of  great 
tension ;  that  they  do  not  appear  when  the  action  is  feeble ;  that  their  appear- 
ance always  accompanies  explosions  from  the  principal  mouth,  where,  however, 
they  cannot  be  observed  except  under  favourable  circumstances ;  that  they  like- 
wise show  themselves  in  the  smaU  cones  in  action,  which  are  formed  in  the 
mterior  of  the  crater,  or  at  the  foot  of  the  volcano ;  and  that,  finally,  Aey  are  not 
isible  except  in  the  openings  which  are  directly  in  communication  with  the 
olcanie  fire,  and  never  on  the  moving  lavas,  which  ai«  at  a  distuioe  fttun  their 
jurces. 
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bydrogen  and  its  compounds  not  inflaming  when  steam  or 
hydrochloric  acid  are  mingled  with  them  in  certain  proppr- 
tionsy  and  both  these  being  abundantly  evolyed  in  most 
eruptions,  an  inflammable  gas  might  escape  into  the  air  thus 
mixed,  without  being  inflamed.  Hence,  though  this  gas  may 
be  often  present  during  violent  eruptions,  it  may  not  always 
be  so  under  conditions  for  supporting  flame. 

As  regards  the  sublimations  from  volcanos,  we  should  anti- 
cipate that  they  would  be  varied,  seeing  that  the  conditions 
under  which  volcanic  forces  and  products  may  find  vent  could 
scarcely  but  be  variable  also.  Among  the  most  common  is 
diloride  of  sodium,  or  common  salt,  one  which  is  important 
from  being  found  connected  with  volcanic  action  in  such 
different  parts  of  the  earth's  surface.  Specular  iron  ore  is 
often  found  sublimed  in  chinks  and  cavities,  as  is  also  muriate 
of  ammonia  in  certain  volcanos.  Respecting  sulphur,  it  has 
been  inferred  to  be  derived  '<  eitiier  from  the  mutual  decompo- 
sition of  sulphurous  and  sulphuretted  hydrogen  gases,  or  from 
the  catalytic  action  exerted  upon  the  latter  gas  by  porous 
bodies,  assisted  by  a  certain  temperature."*  The  sublimations 
of  the  sulphurets  of  iron  and  copper,  chloride  of  iron,  oxide 
of  copper,  mmriate  and  sulphate  of  potass,  silenium,  and  others, 
though  apparently  accidental,  have  been  shown  by  M.  Elie  de 
Beaumont  f  to  have  an  important  bearing  upon  the  filling  of 
mineral  veins,  as  will  be  hereafter  stated. 

The  ashes,  cinders,  and  molten  rock  ejected,  may  often  be 
considered  as  little  else  than  modifications  of  the  same  sub- 
stance, at  one  time  kept  in  a  state  of  ftision,  vapours  and  gases 
piercing  through  it,  at  another  driven  off  by  these  vapours  and 


*  Daabeny,  '*  Active  and  Extinct  Volcanos/'  2nd  edit*  p.  615.  After  quoting 
M.  Dumas  (Annates  de  Ch^ie,  Dec,  1846),  as  having  shown  that  that  "  where 
sulphuretted  hydrogen,  at  a  temperature  above  100^  Fahrenheit,  and  still  better 
when  near  190^,  comes  into  contact  with  certain  porous  bodies,  a  catalytic  action, 
as  it  is  called,  is  set  up,  by  which  water,  sulphuric  acid,  and  sulphur  are  pro- 
duced," Dr.  Daubeny  points  out  that  the  vast  deposits  of  sulphur,  associated 
with  the  sulphates  of  lime  and  strontia  of  Western  Sicily,  may  have  been  thus 

produced, 
t  Sur  les  Emanations  Volcaniques  et  M^talliferes.— Bull,  de  la  Soc  O^l.  de 

France,  2nd  serie,  t  iv.,  p.  1249. 
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gases  in  portions  of  different  volume,  more  or  less  impregnated 
with  them,  so  as  to  be  rendered  cellular ;  these  portions  finally 
so  triturated  and  worn  into  fine  grains  and  powder,  that  while 
part  may  fall  with  the  cinders  in  a  conical  form  around  the 
volcanic  vent,  another  portion  may  be  so  light  as  to  be  borne 
great  distances  by  the  winds,  as  from  St.  Vincent's,  in  the  West 
Indies,  above  the  trade-winds,  far  eastward  over  the  Atlantic. 

The  rock  in  fusion,  while  occasionally,  but  somewhat  rarely, 
uplifted  in  a  volcanic  vent  to,  or  so  near  the  lip  of  the  crater  as 
to  flow  over  the  outside  in  a  viscous  stream,  more  frequently 
breaks  through  different  portions  of  the  side ;  a  result  which 
would  be  anticipated  fi*om  the  pressure  of  a  substance  of  the 
kind,  and  from  rents  formed  in  the  sides  of  a  volcano  during 
violent  eruptions.  After  ejection  its  solidification  will  neces* 
sarily  depend  upon  the  conditions  to  which  it  is  exposed,  the 
volume  of  the  molten  mass  thrown  out  being  duly  regarded. 
Like  all  other  mineral  bodies  of  the  like  kind,  if  rapidly  cooled, 
lavas  form  glasses,  commonly  known  as  obsidians,  when  asso- 
ciated with  volcanic  products ;  if  slowly  cooled,  and  in  sufficient 
volume,  crystallizing,  as  is  easily  illustrated  by  experiment* 

*  So  i^r  back  as  1804,  the  experimentit  of  Mr.  Gregory  Watt  (ObserYationa 
on  Basalt,  and  on  the  Transition  from  the  Vitreons  to  the  Stony  Textnre  which 
occnrs  in  the  Refrigeration  of  Melted  Basalt,  Phil.  Trans.,  1804),  proved,  as 
respects  basalt  (that  of  Rowley  Hill,  near  Dudley),  when  a  mass  of  it  weighing 
seyen  hundred  weight  was  melted  and  slowly  cooled  in  an  irregular  figure,  that 
according  to  the  rate  of  cooling  of  the  yarious  parts,  was  the  structure,  one 
passing  from  the  yitreous  to  the  stony.  The  silicates  forming  common  glass 
may,  as  is  well  known,  by  slow  cooling  be  made  to  pass  into  a  stony  state.  We 
haye  made  many  hundreds  of  experiments  upon  the  melting  and  recrystallixa- 
tion  of  igneous  rocks,  even  succeeding  in  the  reduction  of  certain  granites  into 
a  glass,  and  again  rendering  this  glass  stony.  The  varied  chemical  oompositioa 
of  the  substances  which  may  be  reduced  to  the  vitreous  state  is  quite  sufficient 
to  show  that  obsidian  is  a  mere  rock-glass  which  can  be  formed  under  the 
requisite  condition  of  comparatively  rapid  cooling  fh>m  very  different  com- 
pounds. We  have  reduced  portions  of  some  stratified  rocks  to  this  state.  This 
is  by  no  means  difficult  to  accomplish  when  a  moderate  amount  of  lime  is 
present,  so  that  silicate  of  lime  may  be  produced  and  act  as  a  flux,  as  in  the 
ordinary  smelting  of  the  argillaceous  iron  ores  of  the  coal  measures.  By  a 
little  management,  slates  and  shales,  with  the  requisite  dissemination  of  cai^ 
bonate  of  lime,  may  be  converted  into  excellent  pumice,  intumescence  being 
produced  in  the  melted  viscous  substance  by  the  carbonic  acid.  The  experi- 
nent  requires,  however,  to  be  carefully  watched ;  for  if  the  crucible  be  not 
■emoved  in  time,  the  carbonic  acid  escapes,  and  the  vitreons  sohstanoe  alone 
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The  heat  of  lava  currents  would  appear  to  vary,  a  circumstance 
to  be  expected,  as  whatever  may  have  been  the  temperature  of 
the  molten  mass  when  in  the  volcano,  that  of  its  exclusion 
would  depend  upon  the  cooling  influences  to  which  it  may  have 
been  exposed  before  it  flowed  outside  the  volcano^  and  could  be 
examined.  It  hais  been  inferred  that  the  temperature  at  which 
lava  will  continue  to  flow  is  sufficient  to  melt  silver,  lead  being 
rendered  fluid  in  about  four  minutes.  Whatever  the  requisite 
heat  may  be,*  lava  is  found  to  retain  it  for  a  long  series  of  years. 
Being  a  bad  conductor  of  heat,  as  rocks  in  general  are,  lava, 
when  subjected  to  the  comparatively  low  temperature  to  which 
it  is  exposed  after  ejection,  soon  covers  itself  with  a  coating  of 
solidified  matter.  This  is  necessarily  broken  as  the  flow  of  the 
viscous  mas.s  continues  beneath  it,  and  it  will  be  more  or  less 
scoraceous,  according,  as  in  cooling,  it  retains  any  cellular 
texture  from  the  passage  or  dissemination  of  vapours  and  gases 
through  it.  Hence  the  surface  of  lava  currents  is  often  broken 
and  rugged,  as  is  represented  in  the  accompanying  view  of  one 
at  Vesuvius  (Fig.  117).  t  Under  the  conditions  usually  obtain- 
ing during  the  flow  of  lava,  the  viscous  current,  at  a  moderate 
distance  from  the  place  of  its  actual  discharge,  may  be  con- 
sidered as  moving  in  a  kind  of  pipe,  this  breaking  from  time  to 
time,  as  the  molten  rock  in  the  interior  tends  to  drag  the  parts 
becoming  solid  with  it  In  this  manner  the  pipe  will  even  con- 
vey the  lava  current  up  rising  ground,  should  the  resistance  of 
its  sides  be  equal  to  the  pressure  exerted  upon  them.  As  a 
high  angle  of  descent  would  be  unfavourable  to  the  proper 
slow  cooling  and  quiet  adjustment  of  particles  needed  for 
crystallization,  M.M.  Dufr^noy  and  £lie  de  Beaumont  con- 
sider that  beyond  a  moderate  angle  lava  does  not  take  a 
crystalline  texture.     That  the  external  character  of  a  lava 

current  should  conform  to  the  velocity  of  its  flow,  this  depend- 

■ 

remaixiB,  which  may  readily,  if  thonght  desirable,  be,  by  slow  cooling,  rendered 
stony.  To  produce  crystallization  by  very  slow  cooling  requires  great  care, 
and,  for  the  most  part,  a  somewhat  large  portion  of  rock. 

*  In  our  ezperimeDts,  ordinary  greenstone,  when  pounded  fine,  and  placed  in 
a  crucible,  usually  melted  at  about  the  heat  required  for  melting  copper :  ex- 
periments, however,  on  so  small  a  scale  may  be  very  deceptive. 

t  Taken  from  Abich's  Views  of  Vesuvius  and  Etna. 
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ing,  other  conditionB  being  equal,  upon  the  amount  of  slope, 
would  be  anticipated.  Tbe  obeerver  abould,  boweyer,  be 
aware    that  wben  crystalline  minerals  may  be  found  ia  lava, 

Rg.  117. 


it  does  not  always  follow  that  their  particles  hare  separated 
out  from  the  other  component  parts  of  the  mass,  after  tbe 
whole  haa  been  in  a  molten  state.  T^ey  seem  to  have  been 
sometimes  formed  prior  to  the  outflow  of  the  lava.  Of  this  a 
good  example  is  inferred  to  have  occurred  at  Vesuvius  in 
April,  1822,  wben  fine  crystals  of  leudte  were  included  in  a 
lava  stream  which  issued  from  tbe  base  of  a  small  cone  occupy- 
ing the  crater,  the  comparative  iofusibility  of  the  leucite  crys- 
tals preserving  tbem  entire  amid  the  mdted  rock.  *  In  like 
manner  should  the  lava  be  iu  part  composed  of  a  remelted 
rock  contEuning  disseminated  minerals,  wUch  resisted  the  heat 
to  which  the  whole  was  exposed,  such  minerals  mi^^t  upon  an 
outflow  accompany  the  lava  stream,  and  be  again  dispersed 
amid  the  new  mass,  otherwise,  perhaps,  not  crystalline.! 

•  DuibeD^,  quotiDg  Prorewor  Scacchi,  of  Naples,  •'  Volcuca,"  Sod  edit.,  p.  iSO. 

t  In  regioni  wher«  Tolc*no«  tniTerK  igneoof  rocki  of  an  older  dUe,  remeltiiig 

portkni  of  them,  il  ii  eiuj  to  conceiTe  occarrenoei  of  this  kind.    Should  a 


VAPOTTRS  AND  GASES  IN  MOLTEN  LAVA.  379 

It  would  scarcely  be  expected  that  a  molten  mass,  known  to 
be  driven  about  in  a  crater  by  vapours  and  gases,  could  either 
overflow  the  lip  of  that  crater,  or  burst  out  from  the  sides  of  a 
volcano  without  having  some  portions  of  these  vapours  and 
gases  intermingled  with  it  ready  to  escape  into  the  air.  This 
it  would  accomplish  the  easier  as  the  lava  was  the  more  fluid, 
and  its  temperature  high,  the  vapours  and  gases  then  striving 
most  to  increase  their  volume.  In  proportion  as  the  molten 
rock  cooled,  and  the  expansive  power  of  the  vapours  and  gases 
decreased,  cavities  would  remain,  corresponding  in  size  to  the 
equalization  of  the  re^stance  of  the  cooling  rock  on  the  one 
hand,  and  the  expansive  power  of  the  vapours  and  gases  on  the 
other.  As  these  conditions  varied  so  would  the  results,  and 
thus  according  to  circumstances  the  hollows  formed  would  difier 
from  good-sized  caves,  lined  with  picturesque  stalactites  of  lava, 
to  small  vesicles.  Vapours  and  gases  sometimes  continue  to 
escape  for  a  long  time  through  the  chinks  and  cracks  of  cooling 
lava. 

The  cavities  thus  produced  in  lavas  will  necessarily  take 
different  shapes,  according  to  varying  conditions.  Lava  poured 
out  so  as  to  form  a  broad  and  comparatively  deep  mass,  with 
little  movement  of  importance  after  its  outflow  from  a  volcano, 
the  fluid  state  long  preserved,  would  have  its  cavities,  large 
and  small,  placed  under  different  circumstances,  from  a  stream 
oooUng  more  rapidly,  yet  still,  from  moving  on  greater  slopes, 
continuing  steadily  to  advance  for  a  long  distance.  In  the 
latter  case  the  hollows  and  vesicles  would  be  elongated  in  the 
direction  of  the  flow,  spherical  cavities  pulled  out  into  almond- 
shaped  forms,  and  irregular  hollows  still  exhibiting  a  stretching 
in  the  line  of  movement.  This  elongation  of  vesicles  may  be 
so  continued  that,  as  in  the  subjoined  section  (Fig.  118),  they 
may  become  completely  flattened,  the  tenacity  of  the  lava  being 


felspathic  porphyry,  oontaining  crystals  of  quarts^  or  mica,  be  thus  remelted, 
and  the  heat  be  only  capable  of  fosing  the  felspathie  matter,  these  minerals 
may  be  left  untonched.  In  experiments  made  for  this  purpose,  we  have  often 
Ibfond  this  view  borne  out,  and  the  quartz  disseminated  through  many  slags, 
as,  for  example,  in  many  of  the  first  copper  slags  in  the  Aimaoes  at  Swansea, 
affords  another  example  of  the  like  kind. 
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of  a  proper  kind.  If  c  (2  be  a  surface  on  which  a  lava  stream 
moves,  and  ef  a  portion  where  its  viscosity  is  such  that  by 
moving  in  the  direction  e/,  spherical  hollows  take  almond- 


shaped  forms,  the  lava  becoming  more  tenacious  towards  the 
surface  c  d^  these  almond-shaped  vesicles  would  become  flatter 
at  a  ft,  so  as  finally  to  present,  in  section,  mere  streaks  or  lines, 
giving  a  laminated  appearance  to  that  portion  of  a  lava  current 
when  cooled.  Upon  the  solidification  of  the  portion  a  ft,  the 
movement  continuing,  and  the  upper  part  gradually  taking  the 
tenacity  previously  possessed  by  a  ft,  the  like  appearance  of 
lamination  might  happen  there.  Thus,  as  the  upper  part  of  a 
sheet  of  lava  may,  as  regards  loss  of  fluidity,  and  the  friction 
of  the  viscous  upon  the  solid  outside  portion,  be  also  placed  in 
a  somewhat  similar  condition  as  the  lower  part,  a  laminated 
character  may  more  or  less  be  given  to  a  considerable  portion 
of  a  stream  of  lava.  The  conditions  needed  no  doubt  require 
nice  adjustment,  but  they  are  such  as  would  appear  occasion- 
ally to  prevail. 

Mr.  Darwin,  describing  the  laminated  obsidian  beds  of  the 
Island  of  Ascension,  and  comparing  them  with  the  zoned  and 
laminated  character  of  obsidians  and  different  volcanic  rocks 
of  other  localities,  mentions,  with  another  cause  of  lamination, 
the  stretching  and  flattening  of  vesicles  by  the  flow  of  those 
rocks  in  a  pasty  state.*  It  has  also  been  noticed  by  Humboldt, 
and  other  geologists,  and  is  often  to  be  seen  in  cabinet  speci- 
mens. 

Sometimes  vapours  and  gases  escape  through  molten  lava^ 
either  for  the  time  occupying  portions  of  craters,  or  flowing  as 


*  ^Geological  Obserratioiis  on  the  Volcanic  Islands  Tisited  during  tlie 
Voyage  of  H.M,S.  Beagle,"  p.  62,  &c. 
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streaiDB,  prodnmg  the  most  fantastic  forms.    The  annexed 
Pig.  118.  sketch  (Fig.  119)  represents  a  some- 

what regular  accumulation  of  lava 
from  this  cause.    It  was  seen  by  Mr. 
Dana,  in  the  crater  of  Kilauea,  in 
Hawaii,  and  rose  as  a  whole,  to  the 
height  of  about  40  feet     "  It  had 
been  formed  over  a  small  rent,  through 
which  the  liquid  rock  was  tossed  out 
in  dribblets  and  small  jets.     The 
ejected  lava  falling  around,  gradually 
raised  the  base ;  the  column  above 
was  then  built  up  from  Buecessive  drops,  which  were  tossed 
out,  and   &11  back  on  one   another  ;  being  still   sofl,  they 
adhered  to  each  other,  lengthening  a  little  at  the  same  time 
while  cooling.* 

The  following  is  also  (Fig.  120)  an  example  of  the  like  kind 
observed  by  Dr.  Abich,f  at  Vesuvius,  in  1834,  scoriaceous  lava 
being  gradually  built  up  into  a  hollow  column  by  the  additions  of 
portions  of  pasty  matter  adhering  to  each  other  when  thruet 
out  of  the  general  molten  mass  by  a  current  of  vapour  or  gas. 
In  a  similar  mamier,  great  blisters  are  sometimes  raised,  which 
bursting  on  one  side,  parts,  sufficiently  hard,  remain,  and  any 
molten  lava  inade  flowing  out,  singular  cavities  are  left. 
Indeed,  the  varieties  of  hollows  left  by  the  consolidation  of  lava, 
and  arinng  either  Irom  the  mtermixture  of  vapours  and  gases, 
or  teom  the  fiow  of  the  fluid  rock,  partially  or  wholly,  out  of 
inequalities  in  lava  streams,  or  their  tubular  cases,  would 
appear  to  be  endless. 

The  observer  may  derive  much  instruction  from  studying 
the  eruptions  from  small  vents,  either  in  the  craters  of  volcanos, 
when  such  can  be  approached,  or  on  their  «des,  where  tbey 

*  «  OMlog7  of  the  United  StalM  Ezploring  EzpeditiOD,''  ISSS-iS,  p.  1 TT. 
Mr.  Dui&  mentioni  other  umilar  axunplei,  lome  on  b  miniature  scale,  aboDt 
Uaima  Loa.  Tlie  figure  at  a  man  hM  been  added  to  the  original  (ketch  bj 
Mr.  Dana,  in  order  to  giie  a  general  idea  of  the  height  of  the  Talcaote 


t  "  OeotogiidieT  Enebeinangen  beobaehtet  am  Vefav  nsd  Aetna,"  Berlio, 
IS37.    The  height  of  the  ezat««oenoerepreMnted  is  onl;  eight  f^et. 
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are  alao  sometimes  found,  not  only  as  respects  vapours  and 
gases,  but  also  the  discbarge  and  mode  of  accumuIatioD  of  fluid 
and  viscous  lava,  cinders,   and   a^ea.      In  some  vents  the 


molten  rock  is  not  much  intermingled  with  the  vapours  and 
gases,  at  others  it  becomes  ^othy  by  intimate  admixture  with 
them  ;  the  mineral  matter  occupying  much  the  less  portion  of 
the  compound.  Occasionally  the  uplifting  of  the  mass  merely 
rises  the  lava,  so  that  it  falls  over  the  accumulations  around 
the  vent,  not  uncommonly  more  or  leaa  conical ;  at  other  times 
portions  of  the  molteu  mass  are  suddenly  caught  and  whirled 
high  up  into  the  air,  acquiring  a  spheroidal  form  by  their 
motion.*    When  only  ejected  short  distances,  they  fall  around, 

*  RopectiDg  theM  volcaiiK  bonbi,  as  thej  have  been  termed,  Hr.  Darwin, 
ramkrkiDg  on  thoie  fouid  in  the  hUnd  of  Atcenuon  (Votc&nic  Islandi,  p.  36^ 
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Bqiiashing  into  irregular  and  rough  discs,  and  by  their  multi- 
plication forming  a  coating,  which  may,  or  may  not,  be  inter- 
mingled with  scoriaceous  cinders,  now  and  then  discharged  in 
showers.  Small  lava  streams  sometimes  burst  from  these 
conical  accumulations,  the  resistances  of  the  sides  being  over- 
come, and  cracks  being  formed,  the  molten  matter  may  be 
seen  to  rise  in  them.  Many  of  the  effects  of  volcanic  action 
on  the  large  scale  may  thus,  in  miniature,  be  conveniently 
observed. 

Although  conical  accumulations  round  a  vent  mark  the 
effects  of  volcanic  action  from  it,  driving  out  ashes  and  cinders, 
large  and  small,  with  patches  of  frothy  molten  rock,  and 
streams  of  fluid  and  viscous  lava,  more  or  less  radiating  from 
a  central  vent,  whether  raised  over  the  lips  of  a  crater,  or 
breaking  through  the  sides  of  a  volcano,  the  whole  braced 
together  by  more  or  less  vertical  bands  of  lava,  which  have 
entered  cracks,  effected  from  time  to  time  in  the  general  mass ; 
this  is  not  necessarily  the  case  with  all,  nor  with  all  parts  of  a 
mountain  of  which  one  or  more  of  these  conical  accumulations 
may  form  a  part.  As  respects  cones,  the  following  view  *  of 
Catopaxi  will  illustrate  the  production  of  one  of  great  aze,  its 


whie|i  exhibit  a  oellnlar  interior,  inaide  a  shell  of  compact  Utva,  observes,  that 
**  if  we  suppose  a  mass  of  visdd,  sooriaoeons  matter,  to  be  projected  with  a 
rapid,  rotatory  motion  diroiig^  the  air,  whilst  the  external  cmst,  from  cooling, 
became  solidified,  the  oentrifhgal  Ibroe,  by  relieving  the  pressure  in  the  interior 
parts  of  the  bomb,  woold  allow  the  heated  vessels  to  expand  their  cells ;  bat 
these  being  driven  by  the  same  force  against  the  already-hardened  cmst,  would 
become,  the  nearer  they  were  to  this  part,  smaller  and  smaUer,  and  less  ex- 
panded, nntil  they  became  packed  into  a  solid  concentric  shell." 

*  Taken  from  the  Voyage  de  Hnmboldt  et  Bonpland,  Atlas  Pittoresqne, 
PI.  X.,  Paris,  1810.  Explosions  from  Catopaxi  are  heard  at  great  distances. 
In  1744  the  beUowings  from  the  mountain  were  heard  at  Honda,  200  common 
leagues  distant  Humboldt  and  Bonpland  heard  them  day  and  night  at  Guay- 
aquil, 52  leagues  distant  in  a  straight  line.  They  were  like  repeated  discharges 
fji  a  battery.  Daring  the  eruption  of  April,  1768,  the  quantity  of  cinders 
Tomited  ftt>m  the  crater  was  so  great,  that  in  the  towns  of  Hambato  and 
Tacnnda  night  was  prolonged  to  three  o'clock  on  the  5th,  and  the  inhabitants 
were  obliged  to  go  about  with  lanthoms.  The  eruption  of  1803  was  preceded 
by  the  sudden  melting  of  the  snow  on  the  volcano.  For  20  years  previously 
neither  vapour  nor  smoke  had  issued  from  it,  when,  in  a  single  night,  the  cone 
became  so  much  heated,  that,  the  snow  bdng  melted,  it  appeared  black  from  tb 
sooriss  alone. 


beautifully  regular  shape  *  showiDg  how  well  adjusted  the 
volcanic  forces,  and  the  substances  acted  on,  most  have  been 
for  its  fonuation.     As  to  its  volume,  that  of  course  affords  no 


measure  of  the  time  which  the  cone  may  have  taken  for  its 
production,  but  it  shows  the  great  mass  of  volcanic  matter 
which  seems  thus  heaped  by  successive  coatings  into  this 
shape. t  The  manner  in  which  such  a  mountain  may  be  braced 
together  by  lava  currents  and  dykes  we  know  not.  Certfunly 
the  general  form  would  lead  us  to  infer  a  great  amount  of 
ashes  and  cinders,  including  among  the  latter  large  ejected 
masses  of  viscous,  scoriaceous,  and  &cthy  (pumicy)  lava,  forced 
through  a  vent  keeping  in  one  place  during  the  accumulations. 
Mauna  Loa,  and  Mauna  Kea,  in  Hawaii,  also  lofty  volcanic 
mountiuns,  the  former  considered  to  be  13,760  feet,  and  the 

Hmnboldt  (Koamos)  poioU  to  the  fonn  of  Catoptiii  at  M  once  the  matt 
liar  and  mostpictamqae  of  uj  Tolcuucmne  which  he  hid  ever  aeen. 
A«oordiDg  to  Hamboldt  (Koonoi),  Catopui  ritet  to  the  height  of  19,070 
oglith)  feet  tbove  the  tea. 


/ 
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Fig.  122.  latter  13,950  feet  above  the  sea,*  appear  to  afford  much 
modification  in  structure  from  that  foimd  at  Catopaxi, 
one  also  marked  by  their  outlines,  as  shown  by  the 
accompanying  sketdi  of  Hawaii  (Fig.  122),  taken  from 
the  eastward.!  Maps  and  descriptions  show  that  Hawaii 
(which  as  Mr.  Dana  remarks,  is  one  of  a  group  about 
400  miles  in  length,  ranging  from  N.  W.  to  S.E.,  the 
islands  composing  it  being  merely  the  higher  points  of 
mountains  rising  above  the  sea)  is  a  mass  of  volcanic 
matter,  with  three  principal  elevations,  Loa,  Kea, 
and  HualalaLI    The  remarkable  crater  in  activity  is 

^   that  of  Kilauea,  on  the  flank  of  Loa,  and  distant 

^   about  20  miles  §  from  its  summit. 

g       Ellis  II  described  the  crater  as  situated  on  a  lofty 

^  elevated  plain,  bounded  by  precipices,  apparently 
sunk  from  200  to  400  feet  below  its  original  level. 
^^  The  surface  of  this  plain  was  uneven,  and  strewed 
over  with  loose  stones  and  volcanic  rock,  and  in  the 
centre  was  the  great  crater."  •  *  *  «  Immediately 
before  us  yawned  an  immense  gulf,  in  the  form  of  a 
crescent,  about  two  miles  in  length,  from  N.E.  to  S. W., 
nearly  a  mile  in  width,  and  apparently  800  feet  deep. 
The  bottom  was  covered  with  lava,  and  the  S.W.  and 

M        *  Aooording  to  Dana,  '*  Geology  of  the  United  States  Exploring 

I    Expedition,"  188S-42. 

J        t  Ibid.,  p.  159. 

^  X  Mr.  Dana  remarks  (Geology  U.  S.  Exploring  Expedition,  p.  1 58), 
"  Besides  the  three  lofty  sammits  there  are  great  numbers  of  craters 
in  all  conditions  scattered  over  the  slopes,  some  oyergrown  with 
forests,  while  about  others  streams  of  laya,  now  hard  and  black,  may 
be  traced  along  their  route  fbr  miles.  Areas,  hundreds  of  square 
miles  in  extent,  are  covered  with  the  refrigerated  lava  flood,  over 
which  the  twistings  and  contortions  of  the  sluggish  stream  as  it  flowed 
onward  are  everywhere  apparent ;  other  parts  are  desolate  areas  of 
ragged  scorin.  But  a  flew  months  before  our  visit  (1840)  a  surfkce  of 
15  square  miles  had  been  deluged  with  lava,  which  came  by  an  under- 
ground route  iVom  Lua  Pele  (Kilauea)." 

{  Mr.  Dana  gives  the  distance  as  19*8  miles,  and  the  height  of 
Kilauea  as  8970  feet  above  the  sea,  quoting  Mr.  Douglas  (Journal  of 
the  Geographical  Society,  vol.  iv.)t  as  estimating  it  from  barometrical 
measurements  at  3845*9 — 3873*7,and  Strselecki  at  4101  feet. 
II  "  Tour  in  Hawaii."    London,  1826. 


a  ^ 
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northern  parte  of  it  were  one  vast  flood  of  burning  matter, 
in  a  state  of  terrific  ebullition,  rolling  to  and  fro  its  *  fier; 
sui^e'  and  flaming  billovre.  Fifty-one  conical  islandB,  of  varied 
form  and  size,  containing  so  many  craters,  rose  either  round 
the  edge,  or  from  the  surface  of  the  burning  lake ;  22  con- 
stantly emitted  columns  of  gray  smoke,  or  pyramids  of  brilliant 
flame;  and  several  of  these  at  the  same  time  vomited  from 
their  ignited  mouths  streams  of  lava,  which  rolled  in  blazing 
torrents  down  their  black  indented  sides  into  the  boiling  mass 
below."  •  •  •  •'  The  sides  of  the  gulf  before  us,  though  com- 
posed of  different  strata  of  ancient  lava,  were  perpendicular 
for  about  400  feet,  and  rose  from  a  wide  horizontal  ledge  of 
solid  black  lava  of  irregular  breadth  ;  but  extending  completely 
round,  beneath  this  ledge,  the  sides  sloped  gradually  towards 
tbe  burning  lake,  which  was,  as  nearly  as  we  could  judge,  300 
or  400  feet  lower.  It  was  evident  that  the  large  crater  had 
been  recently  filled  with  liquid  lava  up  to  this  black  ledge." 

The  descriptions  of  this  crater  given  by  other  observers,' 
corresponds  generally  with  that  of  Mr.  Ellis,  due  allowance 
being  made  for  modifications,  such  as  might  be  expected  in  a 
volcanic  vent  of  any  kind.  The  following  is  an  eye-sketch 
plan  (Fig.  123)  of  Kilauea,  made  during  the  visit  of  the  United 
States'  Exploring  Expedition,  under  Capt  Wilkes,  to  Hawaii. 
Fig.  133. 


•  Mr.  Donglas,  "  Journa]  of  the  Geograpbioal  8o<n«j,-  vol.  iv. ;  Captain 
Kelly,  "AmericaDJoarnal  of  Science,"  vol.  xl.)  Connt  Stnelecki,  "New  Sooth 
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It  well  exhibits  the  clifl^  surrounding  the  caTity,  seven  miles 
and  a  half  in  circuit,  as  also  the  great  ledge  above  mentioned. 
Combined  with  the  following  section  given  by  Mr.  Dana,*  it 

Fig.  124. 


strongly  suggests  the  idea  of  an  extensive  area  of  molten  rock, 
rising  and  falling  according  to  the  uplifting  force  of  the  time, 
this  somewhat  suddenly  chan^ng,  as  is  not  unfrequent  in 
volcanic  action,  so' that,  in  some  states,  vertical  walls  would  be 
formed  from  the  lowering  of  the  fiised  mass,  while  at  others  this 
might  again  fill  the  cavity,  and  even  overflow.  In  the  above 
section  (Fig.  124),  which  is  taken  across  the  shortest  diameter 
(scale  equal  for  height  and  distance,)  m  m'  is  the  whole 
breadth  of  the  crater  in  that  line,  on^  &  n'  the  black  ledge,  p  p* 
the  bottom  of  the  lower  pit,  n/>,  n!  p'  the  walls  of  the  lower  pit, 
342  feet  in  height,  and  m  o,  rn!  o'  the  walls  above  the  black 
ledge,  650  feet  in  height.  Mr.  Dana  describes  the  beds,  ex- 
posed by  the  cliffi,  as  nearly  horizontal,  and  the  crater  as 
being,  at  the  time  of  his  visit  (November,  1840),  somewhat  in 
a  tranquil  state ;  t  one,  however,  still  variable.     During  sub- 

*  «  Geology  of  the  United  States'  Exploring  Expedition,"  p.  174. 

t  The  deacriptions  given  of  the  arrangement  of  the  beds,  and  of  other  facte 
connected  with  this  crater,  hare  an  important  theoretical  bearing.  «  These 
blaff  »des  of  the  pit,"  he  obeenres,  "  consist  of  naked  rock  in  successive  layers ; 
and  in  the  distance  they  look  like  difls  of  stratified  limestone.  The  layers 
▼ary  from  a  few  inches  to  80  feet  in  thickness,  and  are  very  nearly  horizontal. 
They  are  much  fissured  and  broken,  and  some  have  a  decidedly  columnar 
straetnre.  Open  spaces  or  caverns  and  rugged  cavities  often  separate  the 
adjacent  layers,  adding  thus  to  the  broken  character  of  the  surface,  and  at  the 
same  time  giving  greater  distinctness  to  the  stratification.  The  black  ledge 
Taries  in  width  from  1000  to  SOOO  feet  With  such  dimensions,  it  is  no  unimport- 
ant feature  in  the  crater.  The  lower  pit  is  surrounded  by  vertical  walls,  which 
have  the  same  ^Ustinctly  stratified  character  as  those  above,  and  are  similar  in 
other  features.  More  numerous  fissures  intersect  them,  indicative  of  the  un- 
stable basis  on  which  they  resf  *  *  *  The  south-west  extremity  formed  a 
pertly  isolated  basin,  of  an  oval  form,  and  contained  a  large  boiling  lake.  **  The 
rest  of  the  bottom  of  the  pit,  at  the  time  visited  by  the  author,  was  a  field  of 
hardened  lava,  excepting  two  small  boiling  pools,  one  on  the  western  side,  the 
other  near  the  eastern,"  p.  174. 

Describing  the  day  scene,  Mr.  Dana  states,  that  the  *'  inccflsant  motion  in  the 

o  ^  o 
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sequent  examinations  by  the  United  States'  Exploring  Expe- 
dition, in  December,  1840,  and  January,  1841,  the  lava  was 
observed  both  to  rise  and  fall  in  a  marked  manner,  inde- 
pendently of  minor  oscillations.  On  one  occasion  Dr.  Judd 
had  but  just  time  to  escape  from  a  sudden  uprise  and  overflow 
of  one  of  the  molten  pools,  which  discharged  a  mass  of  liqiud 
lava,  not  only  over  the  spot  where  he  was  standing  immediately 
prior  to  this  upburst,  but  also  over  a  mile  in  width  and  a  mile 
and  a  half  in  length.  The  volume  of  lava  then  ejected  was 
afterwards  estimated  by  Captain  Wilkes  at  200,000,000  cubic 
feet  The  next  morning  (January  17,  1841)  the  molten  lava 
of  the  chief  lake  was  ascertained  to  have  subsided  about  100 
feet 

Proceeding  from  Kilauea  to  Mokua-weo-weo,  the  crater  on 
the  summit  of  Loa,  over  a  slope  described  as  one,  on  the  average, 
of  only  6',  a  volcanic  vent  is  found  of  much  the  same  general 
character  as  that  of  the  former.  The  annexed  sketch  (fig.  1 25) 
is  a  reduction  of  that  given  by  Captain  Wilkes.*  The  deepest 
part  of  ^e  crater  is  nearly  circular,  and  about  8000  feet  in 
diameter.  The  walls  are  described  as  nearly  vertical,  stratified 
like  those  of  Kilauea,  784  feet  high  on  the  west  side,  470  on 
the  eastt   An  eruption  of  this  crater  occurred  in  1843,  so  that 

blood-red  pools  was  like  that  of  a  cauldron  in  constant  eballidon.  The  IsTa  in 
each  boiled  with  such  activity,  as  to  cause  a  rapid  play  of  jets  over  its  snrfiice. 
One  pool,  the  largest  of  the  three  then  in  action,  was  afterwards  ascertained  by 
snnrey  to  measare  1500  feet  in  one  diameter,  and  1000  in  the  other,  and  this 
whole  area  was  boiling,  as  seemed  from  aboTC,  with  nearly  the  mobility  of 
water.*'  *  *  *  **  On  descending  afterwards  to  the  black  ledge,  at  the  verge  of 
the  lower  pit,  a  half-smothered  gurgling  sound  was  all  that  could  be  heard  from 
the  pools  of  lava.  Occasionally  there  was  a  report  like  that  of  musketiy, 
whidi  died  away,  and  left  the  same  murmuring  sound,  the  stifled  mutterings  of 
a  boiling  fluid,"  p.  171. 

«  The  dense  white  vapours  rose  gracefully  fh>m  many  parts  of  the  black  lava 
plain,  and  the  pools  boiled  and  boiled  on  without  any  unneoeasary  agitation. 
The  jets  playing  over  the  boiling  sur&ce  darted  to  a  height  of  10  or  12  yards, 
and  feU  again  into  the  pools,  or  upon  its  ndes.  At  times,  the  ebnUition  was 
more  active,  the  cauldrons  boiled  over,  and  glowing  streams  flowed  away  to 
distant  parts  of  the  crater :  and  then  they  settled  down  agun,  and  boiled  as 
befbre,  with  the  osoal  grum  murmur.  Thus  simple  and  quiet  was  the  actioB  of 
Loa  Pele,"  p.  176. 

*  <*  Narrative  of  the  United  States'  Exploring  Expedition,"  vol.  vi. 

t  Dana,  «  Geology  of  Exploring  Expedition,"  p.  806. 
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Maima  Loa  may  be  coiuddered  aa  etill  active.     It  has  been  re- 
mained by  Mr.  Dana,  as  an  interestiag  fact,  that  this  out- 
break did  not  aflect  Kilauea,  though  a  great  lateral  crater  on 
Fig.  ise. 


the  same  volcanic  dome,  10,000  feet  lower  down  its  side.*  The 
mass  of  lava  seems  to  have  burst  out  of  cracks  around  the  sum- 
mit  of  the  mountun,  and  in  one  instance  a  subterratiean  channel 
for  a  portion  of  the  molten  rock  was  observed. 

*  Mr.  DanaqnotM  fhdiitbe  "Mis^onwy  Herald,"  to),  xzxis.,  p.  381,  and 
vol.  xl.,  p.  44,  an  Mcotmt  of  this  eraptiou,  in  order  (o  render  it  more  publicly 
known  to  KienUfle  penotu.  For  the  like  reason  we  ioBen  a  portion  of  it  here, 
not  onlj  M  it  ii  in  itself  geologically  importaat,  but  also  as  it  U  tCated  that  only 
a  tOQMwhat  limited  namber  of  Mr.  Dana'i  Talnable  work  has  been  printed.  The 
BCT.  T.  Co«n  Elatei  that,  "On  the  muming  of  January  10  (1843^  bafbre  da}, 
wa  diacorered  a  amall  beaoon-fire  near  the  snmmit  of  Maana  Loa.  Thil  waa 
•oon  Ibond  to  be  a  new  eraption  on  the  north-eatteru  alope  of  the  mountuo,  at 
■D  elevation  of  near  13,000  feet,  ^nbaequently,  the  lava  appeared  to  bnrat  out 
st  difierent  pcnnla  lower  down  the  moontun,  tnua  whence  it  flowed  off  in  the 
direction  of  Hanna  Kes,  filling  the  valley  between  tba  moimtaitia  with  a  sea  of 
fire.  Here  the  atream  divided,  one  part  flowing  towanU  Waimea,  northward, 
■nd  the  other  eaatward  toward*  Hilo.  Still  another  great  stream  flowed  along 
the  baee  of  Manna  Loa  to  BoalaM  in  Kona.  FtH'  abont  four  weeki  thia  acene 
eontinaed  without  much  abatemenL  At  the  present  time,  after  six  weeks,  the 
Action  ia  much  diminished,  though  it  ia  still  somewhat  vehement  at  one  or  two 
points  along  the  line  of  emption,"  Mr.  Coen  ascended  the  mountain,  passing 
fields  of  scoriaceon*  and  smoother  lavas,  and  regions  at  timet  siill  steaming  and 
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From  all  accounts  respecting  the  mineral  volcanic  products 
in  Hawaii,  the  ejection  of  cinders  and  ashes  would  appear  to 
be  comparatively  rare.  They  are,  however,  occajsionally  thrown 
out,  though  in  quantities  relatively  too  small  to  produce  much 
influence  in  the  arrangements  of  the  other  and  common  volcanic 
products  which  have  accumulated  in  a  molten  state.  It  is 
stated  that,  during  an  eruption  of  Kilauea  in  1789,  ashes  and 
cinders  were  abundantly  thrown  out,  darkening  the  air,  and 
destroying  some  men  forming  part  of  an  army  then  on  its 
march ;  and  Mr.  Dana  mentions  that  near  Kilauea,  **  a  few 
miles  south  and  south-east,  great  quantities  of  a  pumice-like 
scoria,  with  stones  and  sand,  are  believed  to  have  been  thrown 
out  at  this  time."  * 

hot.  "  Soon/'  he  oontinues,  *'  we  came  to  an  opening  in  the  saperincombent 
stratom,  of  20  yards  long  and  10  wide,  through  which  we  looked,  and  at  the 
depth  of  50  feet  we  saw  a  vast  tunnel,  or  subterranean  canal,  lined  with  smooth 
▼itrified  matters,  and  forming  the  channel  of  a  river  of  fire,  which  swept  down 
the  steep  side  of  the  mountain  with  amazing  Telocity.  As  we  passed  up  the 
mountain  we  found  several  similar  openings  into  this  canal,  through  which  we 
cast  stones ;  these,  instead  of  sinking  into  the  viadd  mass,  were  borne  along 
instantly  out  of  our  sight  Mounds,  ridges,  and  cones  were  also  thrown  up 
along  the  line  of  the  lava  stream,  from  the  latter  of  which,  steam,  gases,  and  hot 
stones  were  ejected.  At  three  o'clock  we  reached  the  verge  of  the  great  crater, 
where  the  eruption  first  took  place,  near  the  highest  point  of  the  mountain. 
Here  we  found  two  immense  craters  close  to  each  other,  of  vast  depth,  and  in 
terrific  action." 

To  queries  transmitted  by  Mr.  Dana,  Mr.  Coan  replied  as  foUows:  "The 
angle  of  descent  down  which  the  lava  flowed  from  the  summit  to  the  northern 
base  of  Mauna  Loa  is  6° ;  but  there  are  many  places  on  the  side  of  the  mountain 
where  the  inclination  is  10°,  15°,  or  25°,  and  even  down  these  local  declivities 
of  half  a  mile  to  two  miles  in  extent,  the  lava  flowed  in  a  continuous  stream. 
This  was  the  fiict,  not  only  during  the  flow  of  several  weeks  on  the  surfiiee,  bat 
also  in  that  wonderfbl  flow  in  the  subterranean  duct,  described  in  the  **  Mission- 
ary Herald."  There  was  no  insurmountable  barrier  in  the  way  of  the  flow 
from  the  summit  of  Mauna  Loa  to  the  base  of  Mauna  Kea,  a  distance  of  35  or 
30  miles.  The  stream  sometimes  struck  mounds  or  hillocks,  which  changed  its 
course  for  a  little  space,  or  around  which  it  flowed  in  two  channels,  reuniting 
on  the  lower  side  of  the  obstacle,  and  thus  surrounding  and  leaving  it  an  island 
in  the  fiery  stream.  Ravines,  caves,  valleys,  and  depressions  were  flUed  up  by 
the  lava  as  it  passed  down  the  slope  of  the  mountain,  and  between  the  two 
mountains.  In  conclusion,  I  may  remark  that  the  stream  was  continuous  for 
more  than  25  miles,  with  an  average  breadth  of  1^  miles,  and  flowed  down  a 
declivity  varying  from  1°  to  25°."— Dana,  "Geology  of  the  United  States* 
Sxploring  Expedition/'  p.  210. 

♦  Mr.  Dana  (•«  Geology  of  the  United  States'  Exploring  Expedition,"  p.  181) 
quotes  from  a  '*  History  of  the  Sandwich  Islands,"  published  by  the  Rev. 
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An  uplifting  of  liquid  lava  in  the  craters,  and  a  rending  of 
the  solid  rocks  around  them,  or  further  down  on  the  flanks  of 
the  great  volcanic  mounds,  through  which  the  molten  rock  is 
discharged,  would  appear  the  characteristic  action  of  the 
Hawaian  volcanos.  Mr.  Dana  has  well  stated  this  mode  of 
eruption,  which  he  terms  the  quiet  mode.  Alluding  to  Ejlauea, 
he  remarks,  "  The  boiling  pools  of  the  lower  pit  hare  gradually 
filled  this  (the  lower)  part  of  the  crater  with  their  overflowings, 
each  stream  cooling,  and  then,  in  a  few  hours  or  days,  followed 
by  another  and  another  overflow  in  difierent  parts  of  the  vast 
area,  till  the  rising  bottom  became  as  high  as  the  black 
ledge."  *  *  *  ^^The  black  ledge  is  finally  flooded,  and  the 
accumulation  reaches  the  maximum  which  the  sides  of  the 
mountain  can  bear."  The  pressure  increases,  and  passages  are 
broken  out  for  the  molten  rock.  *^  In  some  cases,  on  the  side 
of  the  island  where  the  escape  takes  place,  the  first  indication 
of  the  eruption  is  the  approach  of  the  flowing  lava.  We  would 
not  imply  that  the  land  is  proof  against  earthquakes,  for  slight 
shocks  not  unfirequently  happen,  and  they  have  been  of  con- 
dderable  force  during  an  eruption.  But  earthquakes  are  no 
necessary  attendants  on  an  outbreak  at  Kilauea.  It  is  a  simple 
bursting  or  rupture  of  the  mountain  from  pressure,  and  the  dis- 
ruptive force  of  vapours,  in  consequence  of  which  the  mountain, 
thus  tapped,  discharges  itself."  * 

.  The  mode  of  Assuring  seems  to  have  been  well  observed  in 
the  eruption  from  Kilauea  in  June,  1840.  The  fissures  are 
noticed  as  at  first  small.  Those  through  which  the  molten  lava 
poured  formed  series  at  intervals.  Through  the  last  twelve 
miles  there  were  several  rents,  two  or  three  in  some  places  run- 
ning nearly  parallel.  The  mass  of  lava  derived  from  these 
several  fissures  reached  the  sea,  on  coming  into  contact  with 
which  it  became  shivered  like  melted  glass  cast  into  water. 

J.  Dibble,  at  TAJHfcinainnft  (Island  of  Maui),  in  1843,  an  acooont  from  the  lips  of 
those  who  were  in  the  body  of  men  thus  partly  destroyed  by  the  eruption.  A 
large  volume  of  cinders  and  sand  is  noticed  as  thrown  to  a  great  height,  and  as 
filling  in  a  destmctiTe  shower  for  many  miles  around.  Some  of  the  men 
appeared  to  have  been  killed  by  this  shower  of  cinders  and  ashes,  and  others  to 
have  perished  from  an  emanation  of  heated  vapour  or  gas. 

♦  "Geology  of  the  United  States'  Exploring  Expedition,"  p.  19.^. 
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Into  the  sea  it  oontinued  to  flow  for  three  weeks,  and  the  waters 
were  so  much  heated  that  the  shores  were  strewed  with  dead 
fish  for  the  distance  of  twenty  miles.  The  depth  of  the  lara  is 
considered  to  have  averaged  10  or  12  feet,  though  in  some 
places  only  6  feet  thick.  The  area  covered  by  it  was  estimated 
at  about  fifteen  square  miles.  The  lower  pit  of  Kilauea,  calcu- 
lated to  have  held  15,400,000,000  cubic  feet  of  molten  matter, 
was  emptied  by  tiie  outflow  of  the  lava  through  tiie  fissures.* 
The  settling  down  of  the  lava  in  Kilauea  would  appear  always 
to  accompany  tiiese  eruptions. 

The  lavas  of  Hawaii  seem  to  have  been  usually  very  fluid, 
judging  from  the  mode  in  which  tiiey  occur.  That  they  are  so 
now  in  Kilauea  seems  generally  admitted.  The  production  of 
the  capillary  volcanic  glass,  known  at  Hawaii  as  Pels' s  Hair^^  is 
an  interesting  example  of  this  fluidity.  Mr.  Dana,  who  witnessed 
its  formation  at  one  of  the  pools  of  melted  lava,  states  that  **it 
covered  thickly  the  surface  to  leeward,  and  lay  like  mown  grass, 
its  threads  being  parallel,  and  pointing  away  from  the  pool.  On 
watching  the  operation  a  moment  it  was  apparent  that  it  pro- 
ceeded from  tiie  jets  of  liquid  lava  thrown  up  by  the  process  of 
boiling.  The  currents  of  air,  blowing  across  these  jets,  bore  off 
small  points,  and  drew  out  a  glassy  fibre,  such  as  is  produced 
in  the  common  mode  of  working  glass.  The  delicate  fibre 
floated  on  till  the  heavier  end  brought  it  down,  and  then  the  wind 
carried  over  the  lighter  capillary  extremity.  Each  fibre  was 
usually  ballasted  with  the  small  knob  which  was  borne  off  from 
the  lava-jet  by  the  winds."  J 

In  the  flow  of  tiie  lava  outburst  from  Kilauea  in  June, 
1840,  the  molten  rock,  as  it  passed  amid  forests,  not  only 
enclosed  the  stems  of  individual  trees,  leaving  cylindrical  holes 
from  the  total  or  partial  destruction  of  the  wood,  but  some- 
times also  adhered  to  the  branches,  descending  from  them 
in  the  form  of  stalactites.     In  these  latter  cases  the  heat  is 

*  Mr.  Dana  estimates  that  this  gi^es  the  best  measure  of  the  amoont  of  laTa 
poured  out  daring  this  eruption.  As  measured  by  the  amount  of  matter  observed 
on  the  sur&oe,  a  much  less  quantity  was  erupted,  estimated  in  this  way  at 
'>00,000,000  cubic  feet 

Pele  is  the  reputed  principal  goddess  of  the  volcano. 

**  Geology  of  the  United  States'  Exploring  Expedition,"  p.  179. 
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described  as  having  been  barely  sufficient  to  scorch  the  bark, 
though  the  branches  were  clasped  by  the  molten  rock.  Should 
the  branch  have  contained  much  fluid  matter,  we  can  suppose 
that,  the  heat  and  fluidity  of  the  lava  being  great,  vapour 
from  the  bark  may  have  prevented  actual  contact  with  it 
for  a  time  sufficient  for  the  passage  of  the  lava  stream  at  a 
height  at  which  the  branches  could  be  entangled  in  it.*  The 
lava  descending  suddenly  from  this  height,  by  the  lowering  of 
the  general  level  of  the  fluid  stream  as  it  passed  onwards,  and 
as  the  stalactitic  form  of  the  depending  portions  of  it  would 
appear  to  show,  equally  sudden  exposure  to  the  atmosphere 
would  preserve,  by  quickly  cooling,  tiie  adhering  and  depend- 
ing portions,  so  that  little  heat  acted  on  the  branches,  f     The 

*  The  summary  given  by  Mr.  Dana  of  Ae  effects  of  this  flow  of  lava  amid 
the  forest  ground,  is  highly  interesting  in  many  respects.  **  The  islets  of  forest 
trees,"  he  states,  *'  in  the  midst  of  the  stream  were  from  one  to  fifty  acres  in 
extent,  and  the  trees  stiU  stood,  and  were  sometimes  living.  Captain  Wilkes 
describes  a  copse  of  bamboo  which  the  lava  had  divided  and  sorroonded ;  yet 
many  of  the  stems  were  alive,  and  a  part  of  the  foliage  remained  uninjnied. 
(*'  Narrative  of  Exploring  Expedition,"  vol.  iv.,  p.  184).  Near  the  lower  part 
of  the  flood  the  forests  were  destroyed  for  a  breadth  of  half  a  mile  on  either  side, 
and  were  loaded  with  the  volcanic  sand ;  but  in  the  upper  parts  Dr.  Pickering 
found  the  line  of  the  dead  trees  only  20  feet  wide.  The  lava  sometimes  flowed 
around  the  stumps  of  trees,  and  as  the  tree  was  gradually  consumed,  it  left  a 
deep  cylindrical  hole,  sometimes  2  feet  in  diameter,  either  empty  or  filled  with 
charcoal.  (Mr.  Dana  refers  here  to  similar  fhcts  observed  by  M.  Bory  de 
St.  Vincent  at  the  Isle  Bourbon,  <<  Voyage  aux  Isles  d'Afrique,"  1804).  Towards 
the  margin  of  the  stream  these  stump  holes  were  innumerable,  and  in  many 
instances  the  ikUen  top  lay  near  by,  dead  but  not  burnt.  Dr.  Pickering  also 
states  that  some  epiphytic  plants  upon  these  fiedlen  trees  had  begun  again  to 
sprout.**  The  fiict  is  then  mentioned  of  the  lava  depending  in  stalactitic  forms 
from  the  branches  of  the  trees,  and  '*  although  so  fluid  when  thrown  off  from 
the  stream  as  to  clasp  the  branch,  the  heat  had  barely  scorched  the  bark." — 
'*  Geology  of  the  United  States'  Exploring  Expedition/'  p.  191. 

t  The  results  have  been  long  known  at  the  manu&ctories  of  crown-glass, 
attendant  on  plunging  a  highly  heated  body  into  a  liquid,  and  which  have  of 
late  attracted  much  attention,  especially  from  the  experiments  and  reasoning 
of  M.  Boutigny,  the  vapour  or  steam  preventing  actual  contact  in  the  first 
Instance*  so  that  the  plunged  body  does  not  acquire  the  temperature  that  might 
at  first  be  expected.  In  those  establishments  it  hss  been,  from  time  immemo- 
rial, the  practice  to  plunge  the  melted  and  very  highly-heated  glass  in  some  of 
the  first  processes,  after  removal  from  the  melting-pot,  into  cold  water,  to  reduce 
the  temperature.  This  does  not  fracture  the  glass,  the  steam  produced  prevent- 
ing contact  between  the  highly-heated  glass  and  the  water.  In  after  processes 
with  the  same  piece  of  glass,  a  mere  drop  of  water  is  employed  to  sever  a  large 
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case  would  be  difierent  where  the  heated  lava  continued  to 
surround  the  lower  parts  of  the  trees.  Whaterer  may  have 
been  the  moisture  preventing  immediate  contact,  as  the  cooling 
proceeded,  a  time  would  come  for  the  scorching,  if  not  actual 
contact,  of  the  included  stems. 

Catopaxi  and  the  rolcanos  of  Hawaii,  though  thus  useful  in 
showing  how  modified  the  results  of  volcanic  action  may  be, 
and  pointing  to  difierences  in  that  action  of  no  slight  import^- 
ance  to  the  observer  seeking  for  facts  to  guide  him  to  the  know- 
ledge of  its  probable  cause,  have  yet  been  so  recently  known 
to  us,  that,  when  studying  the  changes  which  may  have  taken 
place  in  volcanic  vents,  he  must  look  to  volcanic  lands  of 
which  there  may  be  records  extending  back  a  few  centuries,  at 
least,  for  the  requisite  data.  Fortunately  for  this  inquiry  the 
volcanos  of  Italy  have  engaged  attention  for  many  centu- 
ries. Vesuvius  offers  an  excellent  instance  of  a  volcanic  vent 
which,  afler  remaining  long  dormant,  somewhat  suddenly  be- 
came active,  nearly  1800  years  ago,  and  has  more  or  less  con- 
tinued, with  intervals  of  various  length,  in  that  state  ever  since. 
After  a  repose,  not  known  to  have  been  interrupted  during  a 
long  period,  *  suddenly,  on  the  24th  August,  79,  after  earth- 
quakes of  several  days'  duration,  cinders  and  ashes  were  furi- 
ously driven  out,  partly,  no  doubt,  a  portion  of  the  old  volcanic 
accumulations.  Their  abundance  was  so  great  that  three 
cities,  Stabiae,  Pompeii,  and  Herculaneum,  were  overwhelmed 
by  them  (p.  142).  We  may  assume  that  lava  currents  were 
also  vomited  forth  out  of  the  volcano  at  this  eruption,  one, 
apparently,  of  the  greatest  of  Vesuvius  on  record.  There  then 
seems  to  have  been  a  state  of  repose,  or  at  least  of  only  minor 
movements  insufficient  to  create  attention,  for  134  years,  when 
another  eruption  occurred,  succeeded  by  a  similar  interval  of 
quiet  for  269  years,  when  there  was  an  outburst  so  consider^ 

attached  glass  stem,  the  heat  being  now  so  reduced  that  contact,  trith  its  oonse- 
quences,  is  immediate.  It  is  not  a  little  interesting,  at  great  crown-glass  works, 
to  see  both  effects,  fireqaently  produced  at  the  same  time,  and  within  the  dis- 
tance of  a  few  feet 

*  A  very  excellent  condensation  of  oar  information  respecting  the  ancient, 
intermediate,  and  modern  states  of  Vesuvius,  will  be  found  in  "  Daabeny's 
Description  of  Active  and  Extinct  Volcanos,"  2nd  edition,  1848. 
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able  as  to  cover  a  portion  of  Europe  with  ashes.'*'  There  were 
then  intervals  between  the  eruptions,  the  accounts  of  which 
have  reached  us,  of  40,  173,  308,  43,t  13,  89,  1,  167,  194, 
131,  29,  22,  12,  3,  and  1  years,  bringing  them  down  to  1698. 
"  From  that  time  to  the  present,"  observes  Dr.  Daubeny, 
respecting  Vesuvius,  ^^  its  intervals  of  repose  have  been  less 
lasting,  tiiough  its  throes  perhaps  have  diminished  in  violence ; 
for  the  longest  pause  since  that  time  was  from  1737  to  1751, 
and  no  less  than  eighteen  distinct  eruptions  are  noticed  in  the 
course  of  little  more  than  a  century,  several  of  which  continued 
with  intermission  for  the  space  of  four  or  five  years."  t 

Even  supposing  the  earlier  recorded  eruptions  of  Vesuvius 
to  be  only  approximations  to  the  real  number,  some  being 
omitted  which  would  now  not  fail  to  be  noticed,  the  irregu- 
larity of  the  intervals  of  considerable  activity  would  still  be  so 
&r  marked  as  to  point  to  inconstancy  in  the  final  conditions 
upon  which  a  marked  eruption  depends*.  At  the  same  time, 
also,  the  different  intensity  of  the  eruptions  themselves  leads  to 
the  same  inference.  Not  only  was  the  crater  of  Vesuvius  so 
tranquil,  prior  to  the  great  outburst  of  79,  that  it  was  clothed 
with  vegetation,  that  crater  occupying  the  depression  now 
known  as  the  Atrio  del  Cavallo,  (the  present  Monte  Somma 
forming  a  portion  of  its  ancient  walls,)  but  also  between  the 
eruptions  of  1500  and  1631,  the  crater  of  the  period  was 
covered  with  herbage,§  as  those  of  earlier  times  may  have 
been  between  other  long  intervals  of  repose  following  the  great 
eruption  of  79. 

*  When  reference  is  made  to  the  depth  of  cinders  and  ashes  now  found 
covering  Stabise,  Pompeii,  and  Hercolaneum,  it  is  needftil  to  recollect  that  a 
portion  of  them  may  have  been  accumulated  during  eruptions  such  as  this,  and 
at  other  subsequent  times. 

f  A  great  eruption,  in  1036,  during  which  much  lava  was  poured  out»  as  is 
stated,  from  the  crater  as  weU  as  fh>m  the  sides. 

t  "  Description  of  Volcanos,"  p.  226. 

§  "  In  the  interval  between  the  eruption  of  1500  and  1631,  the  mountain  put 
on  the  appearance  of  an  extinct  volcano,  the  interior  of  the  crater,  according  to 
Bracdni,  being,  in  1611,  covered  with  shrubs  and  rich  herbage,  the  plain  called 
the  Atrio  del  Cavallo  overgrown  with  timber  and  sheltering  wild  animals,  whilst 
in  another  part  there  were  three  pools,  two  of  hot  and  one  of  cold  water,  and 
two  of  these  impregnated  with  bitter  salts."— Daubeny,  "  Description  of  Vol- 
canos,"  p.  235. 
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Etna  alfio  becomes  valuable  for  the  length  of  time  dmring 
which  its  outbursts  have  been  noticed.  According  to  researches 
respecting  the  earlier  eruptions  of  tUs  volcano,*  the  year  480, 
B.C.,  or  thereabouts,  would  appear  that  to  which  any  marked 
outburst  can  be  traced  during  historic  times.  This  would  give 
us  about  2330  years  for  a  record,  if  not  of  all,  of  at  least  a 
considerable  number  of  the  chief  eruptions  of  this  volcano,  the 
geological  records  of  the  activity  of  which  would  appear  to 
extend  far  beyond  this  comparatively  limited  time.  Taking 
the  early  historic  notices  for  the  value  they  may  possess,  in- 
cluding that  of  480,  B.C.,  there  have  been  marked  eruptions 
recorded  between  that  date  and  the  conmiencement  of  the 
Christian  era.  With  the  exception  of  a  lapse  of  time  between 
396,  B.C.,  and  140,  B.C.  (256  years),  the  outbursts  noticed 
occurred  at  intervals  of  53,  31,  f  5,  10,  3,  66, 12,  and  8  years. 
They  thus  correspond  in  firequency  with  those  recorded  between 
A.D.  1284  and  the  present  time,  t  From  a.d.  40,  or  there- 
abouts, to  1169,  the  eruptions  from  tiiis  volcano  did  not,  appa- 
rently, receive  much  attention.  If  we  assume  that  this  lapse 
of  time  had  not  been  one  of  repose  more  than  those  which 
preceded  and  followed  it,  Etna  seems  to  have  been  a  somewhat 
active  volcano  for  at  least  2330  years. 

The  volcanos  of  Iceland  have  also  been  known  as  more  or 
less  in  activity  during  a  long  lapse  of  historic  time.  Of  the 
known  marked  outbursts  of  Hecia  there  have  been  23,  in- 

*  A  table  of  the  dates  of  the  eruptions  of  Etna  and  VesaTins,  taken  from  Vou 
HoflTs  *'  Gescbichte  der  Veranderungen  der  Erdoberflacher  with  some  few 
additions,  is  given  by  Dr.  Daubeny,  in  his  **  Description  of  Volcanos,"  2nd 
edition,  p.  289. 

t  Respecting  this  emption  of  396,  B.a,  Dr.  Daubeny  mentions  ('*  Description 
of  Volcanos,"  p.  283),  that  the  stream  of  lava  which  then  stopped  the  march  of 
the  Carthagenian  army  against  Syraeose,  is  to  **  be  seen  on  the  eastern  slope  of 
the  mountain,  near  Giarre,  extending  over  a  breadth  of  more  than  two  miles^ 
and  having  a  length  of  24  from  the  sommit  of  the  mountain  to  its  final  termi* 
nation  in  the  sea.  The  spot  in  question  is  called  the  Bosoo  di  Ad ;  it  contains 
many  large  trees,  and  has  a  partial  coating  of  vegetable  mould,  and  it  is  seen 
that  this  torrent  covered  lavas  of  an  older  date  which  existed  on  the  spot" 

I  From  1284,  the  intervals  of  repose  have  been  in  years  45,  4,  75,  33, 1,  l, 
and  82.  Then  a  continuance  of  small  eruptions  for  58  years  (1566  to  1624), 
after  which  the  intervals  were  9,  11,  9,  15,  13,  6,  1,  5,  8,  21,  12,  12,  8,  4,  4,  3, 
14, 1,  6,  5,  6, 1, 1, 2,  7,  2,  8,  12,  1,  and  10  years  (in  December,  1842),  calculated 
from  the  table  in  Daubeny's  **  Description  of  Volcanos,"  p.  289 — 291. 
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eluding  that  of  1845,  since  1004  or  1005.  These  have  varied 
in  intensity  and  in  the  length  of  the  intervals  of  repose  between 
them.  The  eruption  of  1845  appears  to  have  driven  out  a 
vast  abundance  of  cinders  and  ashes,  the  latter  carried,  by  the 
movements  of  the  atmosphere  to  great  distances.'^  From  Katt- 
lagiau-jokuU  there  have  been  seven  eruptions  since  the  year 
900.  While  thus  these  volcanos  have  vomitted  forth  molten 
rock,  cinders,  and  ashes  at  intervals  for  845  and  950  years, 
eruptions  from  other  vents  of  the  same  great  volcanic  mass  of 
Iceland,  such  as  Krabla,  of  which  there  were  four  outbursts 
during  the  last  125  years,  have  also  taken  place.  Another 
great  volcano,  Skaptar-jokuU,  previously  dormant,  as  iar  as 
the  historic  records  of  that  land  Extend,  suddenly  became 
active  in  1783.  During  this  eruption,  which  was  preceded 
by  earthquakes  over  the  whole  of  Iceland,  and  the  ejection  of 
volcanic  matter  in  the  adjacent  sea,  considerable  masses  of 
lava  were  thrown  out,  according  to  Sir  George  Mackenzie,! 
from  three  different  points,  about  eight  or  nine  miles  from  each 
other,  on  the  lower  flanks  of  the  mountain,  spreading  in  some 
places  to  the*^  breadth  of  many  miles.     Of  the  20  volcanic 

*  <<  On  the  2Dd  of  September,  1845,  the  day  of  the  eraption  of  Hecla,  a 
Danuh  yessel,  near  the  Orkney  Islands,  at  a  distance  of  1 15  Danish  miles  (about 
500  English)  from  the  Tolcano,  was  coYered  with  ashes/* — Daubeny,  **  Vol- 
canos," 2nd  edition,  p.  307.  According  to  Professor  Forchammer  (Poggen- 
dorfPs  Annalen,  toL  IxtI.,  1845\  the  cinders  and  ashes,  so  abondantly  dis- 
charged, were  ejected  from  three  vents  on  the  sooth-west  sl<^  of  Hecla,  and  the 
lava  froia  a  foarth,  sitoated  a  little  distance  beneath  them.  Tlie  eruptions  con- 
tinned  in  ibroe  on  the  12th  of  the  following  month  (October),  the  lava  still 
flowing.  The  eruption  did  not  finidly  cease,  thoogh  there  were  interyals  of 
repose,  until  the  commencement  of  March,  1846. 

t  •*  Travels  in  Iceland,"  2nd  edition.  Notidng  tlus  eruption  from  SkapCar- 
j%nll,  in  1783,  Sir  Oeorge  Mad:enade  states,  that  in  January  of  that  year,  vol- 
eanic  eruptions,  represented  as  accompanied  by  flame,  roee  through  the  sea, 
«boot  80  miles  from  Cape  Beikianes,  and  that  several  islands  were  observed,  as 
if  upraised,  a  reef  of  rocks  now  existing  where  these  appearances  occurred. 
^  The  flames  lasted  several  months,  during  which  vast  quantities  of  pumice 
and  light  slags  were  washed  on  shore.  In  the  beginning  of  June  earthquakes 
shook  the  whole  of  Iceland ;  the  flames  in  the  sea  disappeared ;  and  the  dreadful 
eruption  commenced  frt>m  the  Skaptar-jokuU,  which  is  nearly  200  miles  distant 
from  the  spot  where  the  marine  eruption  took  place." 

The  eruption  of  1783,  is  stated  to  have  thrown  out  such  an  abundance  of 
cinders  and  ashes  that  the  whole  island  was  covered  by  them.  The  ashes  were 
wind-bome  as  fhr  as  Holland. 
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vents,  as  Dr.  Daubeny  has  pointed  out,  which  have  ejected 
lava,  cinders  or  ashes  during  the  950  years  since  Iceland  was 
colonized,  ^'  eleven  have  had  but  one  eruption,  and  amongst 
these  four  only  occurred  within  the  last  century ;  whilst  of  the 
remaining  nine,  Myrdalls-jdkull,  Skaptar-j5kull,  Sandfells-j5kull, 
Skeidarar-jokuU,  Reykianes,  Hecla,  and  Krabla  alone  would 
appear  to  be  active  at  present ;  TroUadyngia  having  had  no 
eruption  since  1510 ;  Oroefa-jokull  none  since  1362 ;  and  others 
having  been  for  a  nearly  equal  time  in  a  state  of  quiescence."* 
While  Vesuvius,  Etna,  and  volcanos  in  Iceland  thus  afibrd 
information  as  to  alternate,  but  irregular,  intervals  of  repose 
and  activity,t  the  eruptions  themselves  differing  in  intensity, 
the  two  former  during  the  lapse  of  more  than  2000  years,  and 
the  latter  approaching  towards  a  period  of  1000,^  Stromboli,  a 
volcanic  vent  rising  through  the  sea  between  Naples  and 
Sicily,  has  been  equally  marked,  for  more  than  2000  years,  as 
exhibiting  the  same  amount  of  activity.  *'  No  cessation,"  as 
Dr.  Daubeny  remarks,  "  has  ever  been  noticed  in  the  opera- 
tions of  this  volcano,  which  is  described  by  writers  antecedent 
to  the  Christian  era  in  terms  which  would  be  well  adapted  to 

*  Daubeny,  '*  Description  of  Active  and  Extinct  Volcanos,"  2nd  edition, 
p.  306. 

f  Selecting  Heda  from  the  table  given  by  Dr.  Daabeny  ("  Vdlcanos,"  p.  314) 
and  taken  from  Garlieb  (Island  racksichlich  seiner  Voloans,  &c.,  Freiberi^ 
1812),  trith  additions,  it  would  appear  that  its  marked  eruptions,  commencing 
with  that  of  1004,  have  occurred  at  intenrals  of  25,  75,  9,  44,  47, 18,  72,  46,  34, 
16,  46,  74,  44,  29,  36,  6, 11,  57,  35,  26, 12,  6,  and  73  years,  the  last  terminating 
with  the  eruption  of  1845.  The  intervals  between  the  outburstB  of  Trolladjmgia, 
commencing  with  the  eruption  of  1150,  were  38, 171, 116,  and  35  years.  For 
340  years  (since  1510)  this  vent  has  been  quiet  While  Hecla  has  shown  the 
most  constancy  in  position  amid  the  volcanic  vents  of  Iceland,  active  at  various 
intervals  for  the  last  1846  years,  and  while  single  eruptions  have  only  been 
known  at  other  points,  certun  vents  have  shown  themselves  active  during  the 
lapse  of  the  same  time  for  a  few  years  only.  Thus  eruptions  are  recorded  at 
Reykianes  as  occurring  in  1222,  1223, 1226,  1237,  and  1240,  altogether  only 
for  18  years,  since  which  time  they  have  ceased.  At  Krabla,  also,  they  com- 
menced in  1724,  were  repeated  in  1725,  1727,  1729,  and  in  1730,  after  wluch 
none  have  occurred.  At  Skeidarar-jokuU  eruptions  began  in  1725,  were  re- 
peated in  1727  and  1728,  and  terminated  with  one  in  1753.  The  outburst  of 
Sandfells-jokuU  in  1748  is  recorded  as  continued,  probably  with  intervals  of 
^pose,  to  1752,  the  eruptions  being  mentioned  as  annual  for  that  time. 

I  The  volcano  of  Eldborgarhraun,  in  Iceland,  is  inferred  to  have  had  an 
niption  in  the  year  850. 
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its  present  appearance."*  There  seems  a  constant  boiling  of 
molten  matter  in  the  crater,  a  louder  explosion  occurring  at 
regular  intervals  with  an  escape  of  steam,  and  the  throwing 
out  of  blocks  of  lava  to  a  considerable  height  f  From  the 
smaller  and  lower  of  three  apertures  within  the  crater,  '^  a 
small  stream  of  lava,  like  a  perennial  spring,  is  constantly 
flowing."J 

Not  oidy  do  ancient  and  modem  records  thus  present  the 
observer  with  the  needful  information  respecting  both  inter- 
mittent and  continued  volcanic  action  for  2000  years  and  more, 
and  with  the  ejection  of  lava,  cinders,  and  ashes  from  vents 
which  had  been  previously  dormant  as  far  back  as  human 
knowledge  and  tradition  extend,  but  also  regarding  the  cessa- 
tion of  the  same  action  for  so  long  a  period,  that  tibe  volcanic 
vents  thus  circumstanced  form  a  kind  of  transition  from  active 
volcanos  to  those  commonly  termed  ^'extinct."  The  last 
stream  of  lava  which  issued  from  Monte  Rotaro,  in  Ischia,  is 
that  of  1302,  known  as  Arso.  The  only  traces  of  volcanic 
action  now  existing  in  this  island  are  its  hot  springs.  Thus  no 
eruptions  of  molten  rock,  cinders,  or  ashes  have  taken  place  at 
that  old  volcanic  vent  for  about  five  centuries  and  a  half.  It 
may  not  be  improbable,  from  ancient  writings  and  modem 
appearances,  that  at  the  promontory  of  Methana  (formerly 
Methone),  on  the  coast  of  Greece,  volcanic  forces  were  in 
activity,  and  had  not  finally  ceased  in  the  time  of  Strabo, 
though  since  then  that  volcanic  vent  has  remained  quiescent.§ 

^ —   -  ,  ,     -  -  I 

*  *'  Description  of  VolcaDoe/'  2iid  edition,  p.  247. 

t  Hofflnann,  **  Poggendorff'B  Annalen,"  1833. 

X  Daabeny,  ''Description  of 'Volcanos,*'  p.  247.  **  It  flows  down  the  monn- 
tain,**  Dr.  Daabeny  states,  ''in  the  direction  of  the  sea,  which,  however,  it 
never  appears  to  reach,  becoming  solid  before  it  arrives  at  that  point  Some 
portions,  however,  of  the  congealed  mass  are  oontinnally  detached,  and  roll 
down  into  the  sea.** 

§  Daabeny,  *'  Volcanos,''  p.  328.  It  would  appear  that  at  that  time  the  vol- 
cano was  sometimes  so  hot  as  to  be  inaccessible,  and  to  be  visible  a&r  off  at 
night,  the  sea  also  being  heated  near  it  The  hills  of  the  peninsula,  accord- 
ing to  Virlet  ("  Exp^ition  Scientifique  de  Mor^,"  1839)  are  741  metres  (2431 
English  feet)  above  the  sea,  and  he  infers  that  among  the  igneous  rocks  of  dif- 
ferent dates  there  found,  the  last  volcanic  action,  here  noticed,  occurred  on  the 
western  part  of  the  peninsula,  where  the  trachyte  presents  a  black  and  scoria- 
ceoofl  aspect. 
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Dr.  Daubeny  infers,  from  Liry  and  Julius  Obsequens,  that  the 
volcanic  action  observable  in  the  Alban  EQlIs  (Central  Italy) 
may  have  continued  down  to  historic  times.* 

The  eruption  at  the  promontory  of  Methana  may,  it  would 
appear,  have  been  sudden,  a  considerable  mound  having  been 
thrust  up,  or  accumulated  in  a  short  time,  in  the  manner  of 
Jorullo,t  which  rose  above  the  Mexican  plain,  in  about  four 
months,  to  the  height  of  1600*  feet,  or  the  still  more  rapid  pro- 
duction of  the  Monte  Nuovo,  near  Naples,  which,  in  about  two 
days,  attained  an  altitude  of  440  feet,  with  a  circumference  of 
about  a  mile  and  a  half  These  sudden  outbursts  are  import- 
ant as  regards  the  causes  of  volcanic  action,  more  especially 
when  no  appearance  of  a  previous  volcanic  vent  seems  to  have 
presented  itself  It  would  appear  that  prior  to  June,  1759, 
the  area  upon  which  JoruUo  now  stands  was  covered  by  planta- 
tions of  indigo  and  sugar,  bounded  by  two  brooks,  the  Cuitimba 
and  San  Pedro.  In  June,  subterranean  noises,  accompanied 
by  earthquakes,  commenced,  and  lasted  fifty  to  sixty  days.  In 
September  all  appeared  again  tranquil,  but  on  the  28th  and 
29th  of  that  month  the  subterranean  noises  were  repeated,  and 
according  to  Humboldt,  an  area  of  three  or  four  square  miles 
rose  up  like  a  bladder.  This  uprise  is  considered  to  be  marked 
by  an  elevation  of  39  feet  around  the  edges  of  the  ground  thus 
moved ;  one  continued  to  the  height  of  524  feet  towards  the 
centre  of  the  present  volcanic  district.  The  subsequent  erup- 
tion was  very  violent,  fragments  of  rock  being  ejected  to  great 
heights,  cinders  and  ashes  thrown  out  in  abundance,  and  the 
light  emitted  being  visible  at  considerable  distances.  The 
Cuitimba  and  San  Pedro  poured  themselves  into  the  new  vol- 
canic vent.  '^  Thousands  of  small  cones,  from  6  to  10  feet  in 
height,  called  by  the  natives  Homitos  (ovens),  issued  forth 

*  He  obflerves  (**  Volcanos.''  p.  170)  that,  '<  there  are  indeed  some  psnages 
in  ancient  writers  which  might  lead  ns  to  suppose  a  volcano  to  have  existed 
among  these  moontains  even  at  a  period  within  the  limits  of  antfaendc  history, 
for  Livy  notices  a  shower  of  stones,  which  continued  for  two  entire  days,  from 
Mount  Albano,  during  the  Second  Punic  War ;  and  Julius  Obseqnens,  in  his 
work  *  De  Prodigiis,'  remarks  that  in  the  year  640,  A.U.Cn  the  lull  appeared 
to  be  on  Are  during  the  night" 

t  Daubeny,  **  Description  of  Volcanos,"  p.  327. 
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from  the  Malpays.  Each  small  cone  is  a  fumerole,  from  which 
a  thick  vapour  ascends  to  the  height  of  from  22  to  32  feet  In 
many  of  them  a  subterranean  noise  is  heard,  which  appears  to 
announce  the  proximity  of  a  fluid  in  ebullition."  Six  volcanic 
masses,  varying  from  300  to  1600  feet  in  height,  were  thrown 
up  from  amid  these  cones,  out  of  a  chasm  having  a  N.N.E.  and 
S.S. W.  direction.  From  the  north  side  of  the  highest  (Jorullo) 
a  considerable  quantity  of  lava  was  ejected,  containing  frag- 
ments of  other  rocks.  The  great  eruptions  terminated  in 
February,  1760. 

Respecting  Monte  Nuovo,  the  first  indications  of  its  produc- 
tion were  noticed  on  the  28th  of  September,  1538,  when, 
according  to  an  eyewitness,*  the  sea  bottom  near  Puzzuoli 
became  dry  for  1300  yards,  and  the  fish  left  upon  it  were  car- 
ried away  in  waggons.  At  eight  o'clock  next  morning  the 
ground  is  reported  to  have  sunk,  where  the  volcanic  orifice 
afterwards  appeared,  about  13  feet.  At  noon  the  earth  began 
to  swell  up,  and  became  as  high  as  the  Monte  Rossi,  and  from 
the  vent  formed,  fire,  stones,  and  ashes  were  ejected,  so  that 
finally  the  hill  took  the  form  now  seen.  For  70  miles  aroimd 
the  volcano  the  country  was  covered  with  ashes,  killing  birds^ 
hares,  and  smaller  animals,  and  breaking  down  trees.  Monte 
Nuovo  is  439  English  feet  high,  and  has  a  crater  in  its  centre 
420  feet  deep,  according  to  M.  Dufrenoy.  At  the  bottom 
there  is  a  cavern,  at  the  extremity  of  which  Professor  James 
Forbes  found  a  spring  issuing  with  a  temperature  of  182°  -  5, 

These  instances  of  the  sudden  production  of  volcanic  vents 
on  dry  land  (and  when  we  consider  the  chances  for  observing 
and  recording  them,  they  were  probably  far  more  numerous 
within  the  last  1000  years)  are  sufficient  to  show  the  observer 
that  the  uprise  of  volcanos  through  the  sea  would  be  expected 
amid  and  around  volcanic  islands  and  regions.  In  the  atmo- 
sphere they  retain  their  forms,  such  as  are  presented  at  Jorullo 
and  Monte  Nuovo ;  raised  through  the  level  of  the  sea,  the  sta- 

*  Praooesco  del  Nero.  A  letter  of  his  to  Nioolo  del  Beniuo  of  Naples,  and 
sent  to  Rome  in  1538,  was  first  published  in  Leonhard's  **  Jahrbuch  fiir  Geologie/' 
1846,  and  Daubeuy  gives  a  trauslatioii  of  it,  **  Description  of  Volcanos/*  2nd 
edition,  p.  2US. 
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bility  of  such  portions  depends,  as  above  mentioned  (p.  81), 
upon  the  power  of  the  volcanic  mass  to  resist  the  action,  first, 
of  the  breakers,  and,  secondly,  of  the  wind-waves,  where  the 
former  may  have  cut  it  down  to  the  proper  depths.  The 
volcanic  outbursts  of  this  kind  between  Pantellaria  and  Sicily, 
off  the  coast  of  Iceland,  and  among  the  Azores,  have  been 
already  noticed  (pp.  80  and  116).  To  these  may  be  added 
(as  showing  how  much  depends  on  the  opportunity  and  ability 
to  have  such  sub-marine  terminating  in  sub-aerial  eruptions 
recorded,  and  the  range  of  time  during  which  they  have  been 
known),  the  mud,  smoke,  and  flame  noticed  by  Strabo  as  ri^g 
through  the  sea  amid  the  Lipari  Islands,  and  the  flame  also 
rising  there  above  its  level  during  the  Social  War,  as  men- 
tioned by  Pliny.* 

Volcanic  accumulations  would  appear  sometimes  to  rest  upon 
considerable  hollows,  and  also  to  have  large  cavities  distributed 
among  them,  the  portions  covering  or  surrounding  which  being 
either  unable  to  resist  the  pressure  of  the  superincumbent 
weight,  even  in  the  tranquil  periods  of  a  volcano,  or  broken 
through  during  eruptions,  the  volcanic  matter  falls  in,  or  water 
retained  amid  the  cavities  is  ejected.  Of  the  falling  in  of 
volcanic  accumulations,  depressions  sometimes  taking  die  place 
of  protrusions,  many  instances  are  given ;  but  of  those  which 
happen  to  have  become  known,  the  disappearance  of  Papan- 
dayang,  a  volcano  of  Java,  in  1772,  would  seem  to  be  most 
remarkable.  Papandayang,  formerly  one  of  the  largest  vol- 
canos  in  Java,  was  situated  on  the  south-western  part  of  that 
island.  After  a  short  but  violent  paroxysm,  and  about  mid- 
night, between  the-l  Ith  and  12th  of  August,  a  luminous  cloud 
enveloped  the  mountain.  The  inhabitants  of  the  sides  and  foot 
of  the  volcano  betook  themselves  to  flight,  '^  but  before  they 

*  Detailing  the  eTidence  on  this  head,  Dr.  Daubeny  (DescriptioD  of  Vol- 
canos,  p.  253)  asks  if  the  comparatively  recent  origin  of  the  Island  of  Lipari 
itself  may  not  be  inferred  from  its  present  fertility  as  compared  with  the 
sterility  ascribed  to  it  by  Cicero.  He  also  points  to  the  fresh  condition  of  the 
craters  of  this  island,  aa  observed  by  Hoffman,  the  hot  springs  and  stufes  at  San 

ilogero,  near  the  town  of  Lipari,  and  the  statement  of  Strabo  that  this  island 

dtted  a  fiercer  fire  than  Stromboli,  as  perhaps  showing  that  an  active  volcano 

ly  have  existed  in  it  even  within  the  historical  period. 
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could  all  save  themselves,  the  whole  mass  began  to  ^ve  way, 
and  the  greatest  part  of  it  actually  fell  in  and  disappeared  in 
the  earth."  This  was  accompanied  by  sounds  like  the  discharge 
of  heavy  cannon,  and  an  abundance  of  volcanic  substances  were 
thrown  out  and  spread  around  the  adjoining  country.  The 
area  thus  swallowed  up  was  estimated  as  measuring  fifteen  by 
six  miles.  Forty  villages  are  stated  to  have  been  partly  swal- 
lowed up,  and  partly  destroyed  by  the  volcanic  substances 
thrown  out,  and  2957  inhabitants  perished.  Persons  sent  to 
examine  the  locality  found  the  heat  of  the  substances  surround- 
ing it,  and  piled  up  to  the  height  of  three  feet,  so  great,  that 
they  were  unable  to  approach  the  spot  six  weeks  afterwards.* 

Cavities  amid  volcanic  accumulations  may  not  only  be  partially 
or  wholly  filled  by  water,  the  condensation  of  aqueous  vapours, 
finding  their  way  into  them,  or  derived  from  the  percolation  of 
rain  or  melted  snows  upon  the  exterior  of  a  volcano,  but  the 
waters  in  them  may  be  sometimes  of  a  temperatiu'e  and  kind, 
permitting  the  existence  and  increase  of  animal  life.  Humboldt 
records,  that  ''  when,  in  the  night  of  the  19th  June,  1698,  the 
summit  of  Carguairazo  (18,000  French  feet  in  height  t),  fell 
in,  leaving  two  immense  peaks  of  rock  as  the  sole  remains  of 
the  wall  of  the  crater,  masses  of  liquid  tufa,  and  of  argillaceous 
mud  {lodazale8\  containing  dead  fish,  spread  themselves  over, 
and  rendered  sterile  a  space  of  hearly  two  square  German 
miles.  The  putrid  fevers,  which  seven  years  before  prevailed 
in  the  mountain  town  of  Ibarra,  north  of  Quito,  were  aj^tributed 
to  the  quantity  of  dead  fish  ejected,  in  like  manner  ircun  the 
volcano  of  Imbaburu."J  The  fish  here  noticed  (Pinielodm 
cyclopum)^  Humboldt  further  informs  us,  "  multiply  by  pre- 
ference in  the  obscurity  of  the  caverns ;"  possibly,  also,  there 
may  be  something  in  the  temperature  of  the  waters.  He  ob- 
serves, that  it  was  in  consequence  of  these  discharges  of  waters, 
pent  up  in  volcanic  cavities,  that  the  inhabitants  of  the  plains 


*  Dr.  HoTsfield,  as  quoted  by  Dr.  Daubeny,  *'  Description  of  Volcanos," 
Snd  edition,  p.  406. 

t  19,200  English  feet 

X  Kosmos,  7th  editiob  (Sabine's  Translation),  p.  222.  This  fact  has  long  since 
been  mentioned  by  Humboldt  in  his  earlier  works. 

9  Ti  9 
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of  Quito  became  acquainted  with  these  little  fish,  called  by 
them  Preiiadilla. 

That  the  waters  of  such  hollows  and  cavities  are  not  always 
thus  fitted  for  the  existence  and  increase  of  animal  life  would 
be  expected,  when  the  observer  reflects  upon  the  varied  condi- 
tions under  which  they  are  likely  to  occur.  As  an  example  of 
the  effects  produced  by  the  admixture  of  gaseous  volcanic  ema- 
nations with  the  waters  in  such  reservoirs,  we  may  adduce  the 
great  flow  of  acid  water  which  accompanied  an  eruption  of  the 
Javanese  volcano  of  Guntur,  or  Gounung  Guntur,  in  1800, 
when  not  only  streams  of  lava  were  poured  out  (a  rare  circum- 
stance, it  would  appear,  among  the  Javanese  volcanos,  com- 
monly ejecting  little  else  than  cinders  and  ashes),*  but  also  an 
acid  torrent.  A  river  descending  from  this  volcano  is  described 
as  suddenly  swelling,  ^'  charged  with  a  large  quantity  of  white, 
acid,  sulphurous  mud."  On  the  8th  of  October  of  that  year, 
**  the  waters  came  pouring  down  into  the  valley,  carrying  every 
thing  before  them,  sweeping  away  the  carcases  of  men  and 
sundry  animals,  and  covering  the  face  of  the  country  with  a 
thick  coat  of  mud."  On  the  12th,  a  still  greater  **  deluge 
of  mud  "  came  down  the  valley.  Such  sudden  increases  of  the 
volume  of  water  would  seem  to  point  to  its  discharge  from 
extensive  cavities  where  it  was,  for  the  time,  pent  up,  and 
where  it  became  impregnated  with  sulphuric  acid,  derived, 
as  Dr.  Daubeny  points  out,  from  the  decomposition  of  sulphu- 
retted hydrogen  gas.t 

Without  uselessly  multipljring  examples  of  the  dischai^ 
of  considerable  volumes  of  water,  apparentiy  pent  up  in  the 
hollows  of  volcanos,  it  may  be  mentioned  that,  in  1755,  a 
volume  of  water  was  suddenly  discharged  from  a  cavern  below 
the  great  crater  of  Etna,  and  that,  dashing  over  the  snows  and 

*  In  a  letter  to  Dr.  Daabeny  (Description  of  Volcanos,  p.  409),  Mr.  Beete 
Jakes,  alluding  to  the  almost  entire  absence  of  hard  rock  on  the  sorfiice  of  the 
ground  in  the  Yolcanic  districts  of  Jaya,  infers,  that  the  Javanese  volcanos  "  had 
long  ceased  to  ernpt  lava,  and  have  for  ages  been  burying  the  previons  streams 
under  piles  of  ashes  and  powder.'* 

t  Daubeny  (Description  of  Volcanos,  p.  40S),  quoting  Boon  Mesch,  ''Dis- 
sertatio  de  Incendiis  Montlum  Javse,"  1826,  who  obtained  his  information  from 
Reinwardt,  the  Dutch  traveller  in  Java. 
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side  of  the  mountain,  it  destroyed  and  carried  before  it  a  large 
amount  of  matter.  Torrents  of  water  are  stated  to  haye  issued 
from  Vesuvius  during  the  great  eruption  of  1631,  but  whether 
from  cayems  amid  the  accumulations,  or  as  the  result  of  the 
somewhat  sudden  condensation  of  large  volumes  of  aqueous 
vapour  discharged  from  the  crater,  is  not  clear.  Be  this  as  it 
may,  the  collection  of  waters  amid  volcanic  accumulations, 
would  appear  the  needful  consequence  of  the  existence  of  such 
cavities,  and  of  the  condensation  of  aqueous  vapour  in,  or  the 
infiltration  of  rain  or  melted  snow  into  them.  These  outbursts 
require  to  be  carefully  distinguished  from  the  torrents  descend- 
ing the  sides  of  volcanos  more  or  less  covered  by  snow,  either 
in  the  higher  northern  and  southern  latitudes,  or  rising  above 
the  line  of  perpetual  snow  in  the  temperate  or  tropical  regions. 
The  suddenly-melted  snows  of  Catopaxi  (fig.  121)  pour  down 
the  furrows  on  its  sides,  as  in  the  eruption  of  1803,  when,  in  a 
angle  night,  the  snows  disappeared  from  the  cone,  and  the 
restdting  torrents  of  water  transported  cinders  and  ashes  into 
the  Rio  Napo  and  the  Rio  de  los  Alaques.*^  Humboldt  refers 
generally  to  the  high  volcanos  of  the  Andes  as  thus,  by  the 
sudden  melting  of  their  snows  transporting  smoking  scoria 
among  the  lower  lands,  producing  gi'eat  inundations.f  Similar 
e^cts  necessarily  follow  similar  causes  in  the  temperate 
regions.  Probably,  however,  the  consequences  of  the  sudden 
melting  of  snow  and  ice  from  volcanic  action  are  nowhere  so 
great  as  in  the  higher  latitudes,  where  large  glaciers,  holding 
or,  supporting  mineral  matter,  are  broken  up,  and  partly  melted 
and  partly  in  fragments,  are  hurried  onwards  to  the  lower 
levels.  The  accounts  given  of  the  effects  thus  produced  in 
Iceland  show,  that  the  torrents  so  caused  and  intermingled 
with  ice,  are  of  no  slight  geological  importance.  Although, 
under  ordinary  circumstances,  so  little  mineral  matter  appears 
capable  of  being  moved  on  Victoria  Land  (p.  288),  it  is  easy  to 
conceive  that,  during  considerable  eruptions  of  such  volcanos 
as  those  of  Mount  Erebus  and  Mount  Terror,  great  heats  may 
suddenly  melt  the  snows  clothing  these  mountains,  producing 

♦  «  Voyage  de  Hamboldt  et  Bonpland,"  Atlas,  Art.  Catopaxi,  PariP.  1810. 
t  Kocmos,  7th  English  edition  (Sabine),  p.  221. 
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large  volumes  of  water,  which  may  continue  liquid  for  a  time 
sufficient  to  furrow  into,  and  carry  off  scoriae  and  ashes^  usually 
bound  together  by,  and,  to  a  certain  extent,  not  nnfrequently 
interstratified  with,  the  great  snow  covering  of  those  regions. 

The  observer  should  well  consider  the  mineralogical  struc- 
ture and  chemical  composition  of  the  various  volcanic  products, 
whether  these  may  be  in  the  form  of  lava  streams,  of  molten 
rock  which  has  risen  in,  and  more  or  less  filled  fissures,  of 
scoriaceous  substances  of  considerable  bulk,  or  of  those  lighter 
bodies  commonly  known  as  pumice,  cinders,  and  ash.  Though 
much  has  been  accomplished,  more  especially  of  late  years, 
respecting  this  knowledge,  the  discoveries  in  chemistry  greatly 
advancing  such  inquiries,  and  though  son\ie  apparently  sound 
general  conclusions  have,  from  time  to  time,  been  formed,  it 
will  be  evident,  before  certain  of  these  can  be  fully  admitted, 
however  they  may  be  applicable  to  the  particular  localities 
noticed,  that,  looking  at  the  distribution  of  volcanic  vents  over 
the  surface  of  the  globe,  an  observer  possesses  ample  opportu- 
nities, by  careful  research  in  various  parts  of  the  world,  of  still 
further  advancing  our  knowledge  in  this  respect. 

Whether  the  solid  volcanic  rocks  are  crystalline,  stony,  or 
vitreous,  will,  as  we  have  seen  (p.  376),  often  in  a  great  measure 
depend  upon  the  conditions  as  to  cooling,  to  which  they  have 
been  exposed,  all  other  circumstances  being  the  same.*  Hence 
the  chemical  composition  of  volcanic  rocks,  which  have  been 
ejected  and  flowed  in  a  molten  state,  may  often  be  the  same, 
notwithstanding  the  different  states  of  mineral  aspect.  If  the 
adjustment  of  the  particles  composing  certain  crystalline  mi- 


*  It  is  veiy  essential.  In  such  iDvestigations,  to  bear  the  other  equality  of 
conditions  in  mind,  for  there  may  be  circumstances  much  modifying  the  external 
parts  of  lava  currents.     Thus  M.  Dufn^noy  (M^moires  pour  servir  k  one 
Description  G^ologique  de  la  France,  t.  iv.)  mentions  having  found  that  two- 
thirds  of  the  interior  of  a  lava  current  near  Naples  were  formed  of  a  mineral 
which  could  be  acted  upon  by  acids,  while  the  surface  was  principally  com- 
-9osed  of  one  not  so  attackable.    In  like  manner  also,  as  has  been  remarked  by 
Ir.  Dana,  (Geology  of  the  United  States'  Exploring  Expedition,  p.  203,)  a  body 
f  molten  and  very  liquid  lava  kept  long  boiling  or  simmering  in  a  volcanic 
ent,  like  Kilauea,  in  Hawaii,  may  have  certain  of  its  parts  separable,  the  more 
specially  as  the  temperature  may  increase  in  any  column  of  lava  in  proportion 
to  the  prefigure  upon  its  parts. 
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nerals  has  been  prevented  by  the  absence  of  the  needful  con- 
ditions, such  as  by  a  sudden  refrigeration  of  the  mass,  these 
particles  would  remain  diffused. 

The  solid  volcanic  products  most  studied  and  known  to  us 
have  been  divided  into  rocks  named  trachyte  and  dolerite,  and 
it  has  been  supposed  that  the  former  often  preceded  the  latter 
in  the  time  of  production.  Minerals  of  the  felspar  family  con- 
stitute essential  portions  of  these  rocks,  entering  more  exten- 
sively into  the  composition  of  trachyte  than  into  that  of  dolerite. 
Both  rocks  may  be  also  viewed  as  silicates,  chiefly  of  alumina, 
lime,  magnesia,  potash,  and  soda.  Trachytes  are  indeed  con- 
aidered  "  chemically  trisilicates,  with  or  without  an  excess  of 
silica."*  Trachyte  may,  however,  according  to  the  definitions 
given,  also  contain  free  silica  or  quartz,  and  the  separat-e 
minerals  mica,  hornblende,  or  augite.  Dolerite  is  composed  of 
the  felspar  known  as  labradorite  and  of  augite,  and  the  term 
augite  rock  is  sometimes  given  to  this  compound.  In  this  latter 
rock  the  proportion  of  silica  is  diminished,  and  that  of  lime  and 
magnesia  increased,  f  This  classification  of  the  more  solid  vol- 
canic products  into  two  main  divisions,  however  convenient  as 
affording  facilities  for  investigation,  is  found  to  need  such 
modification,  that  an  intermediate  class  of  rocks,  termed  tra- 
chyte-dolerites,  has  been  proposed  by  Dr.  Abich,  in  which  the 
composition  partakes  of  the  mineral  characteristics  of  both 
trachyte  and  dolerite.  With  respect  to  clianges  in  chemical 
composition.  Dr.  Daubeny  remarks,  that ''  the  gradual  increase 
of  soda  is  likewise  a  remarkable  circumstance,  modem  lavas 
appearing  to  contain  a  much  larger  quantity  of  it  than  the  vol- 
canic products  of  ancient  periods,  and  various  minerals  being 

*  Danbeny,  **  Description  of  Volcanos,"  2nd  edition,  p.  15. 

t  Respecting  the  dimination  of  silica.  Dr.  Danbeny  observes  (Description 
of  Volcanos,  2nd  edition,  p.  17)  that  it  is  ''indicated  by  Uie  substitution  of 
labradorite  for  orthoclase,  or,  in  other  words,  of  one  atom  of  silica  instead  of 
three,  coupled  with  the  presence  of  hornblende  or  augite,  in  both  which  minerals 
the  silica  bears  a  still  smaller  proportion  to  the  base  with  which  it  is  com- 
bined.'* Rammelsberg  (Dictionary  of  Mineralogy,  Berlin,  1S41)  is  quoted 
as  pointing  to  augite  as  K*  SV*,  where  R  is  either  lime,  magnesia,  protoxide  of 
iron,  or  protoxide  of  manganese,  the  silica  being  sometimes  also  replaced  by  alu- 
mina, as  b  also  the  case  in  hornblende. 
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hence  produced  in  which  this  alkali  is  predominant  (natrolite, 
nepheline,  thomsonite,  &c.)* 

It  is  highly  needful  that  the  observer  should  most  carefully 
study  the  mode  of  occurrence  of  these  rocks  in  volcanic  dis- 
tricts, as  he  will  readily  perceive  that  if  their  somewhat  general 
sequence  be  from  the  trachytic  to  the  doleritic  compounds,  an 
important  change  had  been  effected  as  to  the  conditions  under 
which  the  earlier  and  later  substances  have  been  ejected  from 
volcanos.  The  subject  requires  to  be  regarded  on  the  large 
scale,  and  due  weight  given  to  those  modifications  ariang, 
as  will  be  further  noticed  hereafter,  from  the  admixture  of 
matter  derived  from  various  rocks,  amid  which  mineral  volcanic 
products  may  have  had  to  pass  before  they  were  finally  ejected. 

In  such  examinations  the  chemical  composition  of  the  rock, 
more  especially  when  the  minerals  noticed  may  be  either  ill 
developed,  or  their  component  parts  have  been  unable  to  collect 
together  in  definite  arrangements,  is  evidently  of  importance. 
The  rock-glasses,  or  obsidians,  may  as  well  belong  to  one  class, 
as  the  other,  and  so  also  certain  stony  varieties,  wherein  any 
real  development  of  distinct  minerals  has  not  been  effected. 
Dr.  Abich  has  proposed  the  relative  specific  gravity  of  volcanic 
rocks  as  affording  great  aid  in  ascertaining  the  amount  of  silica 
in  them,  a  view  in  which  Dr.  Daubeny  would  appear  to  concur, 
remarking  that  in  these  rocks  ^^  the  specific  gravity  of  the 
mineral  is  inversely  as  the  amount  of  silica,  and  directly  as  that 
of  the  other  bases,  so  that  a  near  approximation  may  often  be 
obtained  to  their  chemical  composition  by  merely  ascertaining 
their  weight."f 

*  **  Description  of  Volcanos/'  p.  19. 

t  Ibid,  p.  13.     The  foUowing  table  is  given  in  iUiutration : — 

Specific  Gnvity.     Silica  per  Gent. 

Trachytic  porphyry       .     .     •     2*5783  69*46 

Trachyte 2-6821  65*86 

Domite 2*6334  65*50 

Andesite 2*7032  64*45 

Trachyte- dolerite     .     .     .     .2*7812  67*66 

Dolerite 2*8613  53*09 

ikstone,  with  a  specific  gravity  of  2*5770,  and. containing  67*66  of  silica, 
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When  assuming  chemical  composition  from  mineral  struc- 
ture, and  that  the  suhstances  constituting  the  base  of  certain 
definite  forms  are  constant,  the  observer  has  not  only  to  distin- 
guish the  minerals  themselyes,  but  also  to  give  due  weight  to  the 
replacement  of  some  substances  by  others,  without  altering  the 
form  of  the  mineral,*  and  to  the  amount  of  matter  of  different 
kinds  which  may,  as  it  were,  be  entangled  with  that  which  gives 
the  form,  the  entangled  matter  being  sometimes  more  con- 
siderable than  might  at  first  be  supposed,  compelled,  as  it  were, 
by  that  considered  essential  to  the  mineral,  to  take  the  arrange- 
ment of  parts  belonging  to  it.t 

Carefully  searching  for  facta  illustrative  of  the  conditions 
under  which  the  mineral  matter  ejected  from  volcanos  may 
have  been  derived  in  the  first  place,  or  modified  afterwards,  it 
is  essential  to  apply  for  aid  to  chemistry  as  well  as  mineralogy. 


and  glassy  andesite,  specific  grayitj  2*5851,  ▼ith  silica  66*55,  notharmoniziug 
with  this  view,  it  is  remarked,  that  though  clinkstone  chemically  resembles 
trachyte-dolerite,  it  **  has  a  different  mineral  composition,  for  it  appears  to  be  a 
mixture  of  a  zeolitic  mineral  with  glassy  felspar,*'  and  that  "  probably  the  same 
may  apply  to  glassy  andesite." 

*  Before  engaging  in  investigations  of  this  kind,  the  obserrer  should  make 
himself  acquainted  with  the  bodies  termed  isomorphous,  or  those  which  replace 
each  other  without  causing  any  alterations  in  the  structure  of  minerals.  In 
inquiries  into  the  chemical  composition  of  rocks  a  knowledge  of  these  substances 
is  highly  important.  Thus,  for  example,  magnesia,  lime,  protoxide  of  iron,  and 
protoxide  of  manganese,  replace  each  other  in  any  proportion.  As  M.  Dufr^noy 
has  well  remarked  (Traits  de  Min^ralogie,  torn,  i.,  p.  19)  "  it  is  not  necessary, 
in  order  to  present  the  same  composition,  that  minerals  should  exactly  contain 
the  same  weight  of  their  simple  constituent  substances;  it  is  sufficient  that  there 
is  an  exact  relation  between  the  bases  and  the  acids  they  contain,  or  between 
their  isomorphous  substances."* 

t  This  power  of  one  compound  to  compel  others  to  take  its  crystalline  form 
is  of  no  little  importance,  also,  in  estimating  the  chemical  composition  of  rocks. 
These  admixtures  are  clearly  mechanical  in  some  instances,  as  for  example  in 
the  well-known  crystallized  sandstone,  as  it  is  sometimes  termed,  of  Fontaine- 
blean,  where  grains  of  siliceous  sand,  in  large  quantity,  are  entangled  in  car- 
bonate of  lime,  so  crystallized  as  to  include  them  without  destroying  its  form. 
Artificial  compounds  may  be  made,  in  which  large  proportions  of  some  sub- 
stances may  be  mingled  with  others,  the  fundamental  crystalline  form  of  the 
former  remaining  uninjured ;  thus,  for  instance,  M.  Beudant  succeeded  in  pro* 
dncing  crystals  of  the  form  of  sulphate  of  iron,  which  contained  85  per  cent,  of 
sulphate  of  zinc,  the  remaining  15  per  cent  only  being  the  proportion  of 
the  substance  ^Ting  the  form  to  the  crystals  (**  Annales  des  Mines,"  1817, 
t  It.,  p.  10.) 
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important  as  the  latter  may  be.  The  passage  of  vapours 
and  gases  through,  or  their  entanglement  in,  lavas,  whether 
solid,  somewhat  vesicular,  or  highly  cellular,  as  pumice,  is 
often  su£Scient  to  produce  modifications  requiring  great  atten- 
tion. Again,  after  cooling,  with  cavities  in  them  of  various 
sizes,  containing  matter  partly  gathered  together  out  of  the 
mass  of  the  containing  rock,  and  partly  from  extraneous  sources, 
lavas  may  not  only  be  modified  in  their  composition,  but  mineral 
substances  may  be  formed  in  them  of  a  different  character  from 
those  which  would  have  separated  out  from  the  original  fused 
rock.  Again,  also,  lavas,  from  exposure  to  atmospheric  in- 
fluences, may  have  lost  some  of  the  soluble  substances  ori^nally 
entering  into  their  composition.  Thus  no  little  care  is  required 
in  the  selection  of  portions  of  a  volcanic  rock  which  shall  pro- 
perly represent  its  original  condition,  as  regards  its  component 
chemical  substances. 

As  the  felspathic  minerals  enter  so  largely  into  volcanic 
rocks,  and  indeed  constitute  a  considerable  part  of  igneous 
rocks,  viewed  generally,  the  annexed  table  (page  411)  of  their 
chemical  composition  and  specific  gravities,  by  Dr.  Abich,* 
may  be  found  useful. 

From  the  same  author  has  also  been  compiled  the  following 
table  of  the  chemical  constituents  of  several  trachytes  and  other 
volcanic  rocks : — 


— 

i 

2 

3 

4 

6 

6 

7 

6 

9      i    10 

. .    .  ,  ' 

Silica      .     .     . 

73-46 

68-35 

67-09 

61-19 

61-03 

67-07 

67-:6 

62-20 

63-88 

49-21 

Alumina      .     . 

13-05 

13-92 

15-63 

17-18 

17-21 

13-19 

17-56 

20*80 

12'04 

15-7« 

Oxfd«  of  iron    . 

1*49 

£•28 

4*59 

i5-46 

C4-84 

"0-17 

4-74 

6  73 

4*30 

9-25 

11-84 

.— manganeM 

trace 

•  • 

•  • 

0-32 

0-82 

•  • 

•  ■ 

•  V 

Lime      .     .     . 

0-43 

0-85 

2*25 

1-52 

1-43 

3-69 

5-46 

2-70 

8-83 

6-97 

Ifaffneaia     .     . 

0*39 

2-20 

0-97 

0-23 

2-07 

3-46 

2-76 

1-40 

7-96 

6  01 

Potash    .     .     . 

4*39 

8-24 

3*56 

4-37 

7-16 

2-18 

1-42 

6  20    P  '« 

(4-37 
16-06 

G-28 

4-29 

5-07 

7-98 

4-64 

4-90 

6  82 

1.  Porphyritic  trachyte,  with  mica,  from  Ponza.  2.  Porphyritic  trachyte 
from  Monte  Gnadia,  Lipari.  3.  Trachyte  from  the  Drachenfels.  4.  Lava 
from  Monte  NnoTO.  5.  Lava,  named  Arso,  Ischia.  7.  Trachyte-dolerite  fit>m 
the  Peak  of  Teneriffe.  8.  Rocca  di  Giannicolo,  Val  del  Bove,  Etna.  9.  Dolerite 
of  Strombolino.    10.  Lara  of  Vesttyius. 


*  *'  Ueber  die  Natar  and  den  Zusammenhang  der  Yutkanischen  ^Idnngen,** 
Brunswick,  1841. 
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The  annexed  table  has  been  constructed  from  the  analyses 
of  the  lavas  from  Vesuvius  and  Monte  Somma,  as  given  by 
M.  Dufrenoy : — 


Silica       .  •  • 

Alamina.  .  • 
Protoxide  of  iron 

Lime .     •  •  . 

Magnesia  •  • 

Soda  .     .  •  . 

Potash     .  •  • 

Loss  .     •  .  • 

Increase  .  .  • 


9 


63«10 

16-58 

9-96 

3-34 


1 
9 
2 
4 


16 
46 
23 
17 


50 
20 
8 
5 
1 
8 


55 
30 
60 
20 
21 
42 
2.52 
3-20 


3 


49*10 
22*28 
7-32 
3-88 
2*92 
9-04 
3-06 
2*40 


50' 
22  < 
8< 
6' 
1- 
8- 
3- 


98 
04 
39 
94 
23 
12 
54 


0-24 


48 
17 
7" 
0- 
9 
2< 
12' 
1' 


02 
50 
70 
24 
84 
40 
74 
56 


1.  Lava  of  Palo.  2.  Lava  of  1834,  taken  immediately  below  the  Piano. 
8.  Lava  of  GanateUo.  4.  Lava  from  La  Scala.  5.  Monte  Somma,  mean  of 
two  analyses. 

Comparing  the  composition  of  the  lavas  of  Vesuvius  with  those 
of  Monte  Somma,  M.  Dufrenoy  points  out,  that  while  the  latter 
are  almost  unattackable  by  acids,  those  of  the  former  are  in  a 
great  measure  soluble  in  them,  in  about  the  proportion  of  4  :  I  ; 
and  that  while  the  lava  of  Monte  Somma  contains  a  large 
proportion  of  potash,  in   that  of  Vesuvius  soda  predominates.* 

Respecting  lava  replete  with  vesicles  or  cells  (pumice),  the 
following  analyses  are  taken  from  Dr.  Abich  :f 


-. 

i 

% 

3 

4 

6 

6 

68-11 

1 

8 

9 

Silica 

60-79 

61  08 

62*42 

62-29 

6S-04 

6»-79 

73-77 

73-70 

Silica  and  Titanic  add 

1*46 

1*4.> 

0-74 

•  • 

.  • 

1-23 

•  • 

•  • 

.  • 

Alamina    .... 

16  43 

17*34 

14-72 

16-89 

16*53 

8-21 

12-31 

10-83 

i2-27 

Oxide  of  iron  .     .     . 

4*26 

V/7 

6-84 

4-15 

4-43 

8-23 

4-66 

1-SO 

2-31 

0-23 

0-62 

0-18 

trace 

»  • 

trace 

•  • 

•  « 

•  • 

IJme 

0-<i2 

1-46 

5-25 

1-24 

1-31 

014 

1-68 

1*21 

0*65 

Magnesia  .... 

0-79 

4  02 

3*28 

0-50 

0-72 

0-37 

0-63 

1-30 

0-29 

Potaah 

11 '20 

2-86 

4-74 

6-21 

6-39 

8-32 

6-69 

4-89 

4-SS 

Soda 

2*97 

1'82 

1-55 

3-98 

3-66 

1-60 

2-02 

3-90 

4*73 

1.  Pumice  from  Teoeriffe.  2.  From  the  Island  of  Ferdinaodea.  3.  From 
the  Tolcano  of  Areqaipa,  BoUvia.  4.  From  the  Island  of  Ischia.  5.  From  the 
Phlegrean  Fields.  6.  From  the  Island  of  Pantellaria.  7.  From  the  Island  of 
Santorino.    8.  From  Llactacnnga. 


*  ParallUe  entre  les  diffdrents  products  Tolcaniqnes  des  environs  de  Naples, 
et  rapport  entre  lenr  composition  et  les  ph^nom^nes  que  les  ont  prodnit; 
M^moires  pour  servir  a  une  Description  G^ologique  dela  France,  t  iv.,  p.  381» 
(1 838).  M.  Dufrenoy  adds,  that  this  difference  of  composition  is  also  apparent 
in  the  minerals  common  to  the  two  lavas,  the  angite  of  Monte  Somma  having  a 
"Sase  of  iron,  while  that  of  Vesuvius  enters  among  the  calcareous  Tarieties,  snch 

I  sahiite. 

t  *'  Ueher  die  Natur  und  den  Zusammenhang  der  vulkanischen  Bildnngen," 
irunswick,  1841. 
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According  to  Professor  B.  Silliman,  jun.,  the  modern  lava 
and  volcanic  glass  of  Kilauea,  Hawaii,  not  only  contains  a 
considerable  amount  of  oxide  of  iron,  but  also  soda,  to  the  ex- 
clusion of  potash,  all  the  constituent  substances  varying  much 
in  their  relative  proportions.* 

The  following  are  analyses  of  rock-glasses,  or  obsidians, 
from  different  parts  of  the  world,  showing  their  variable  com- 
position : — 


Silica     .... 
Alamina     •     • 
Oxide  of  iron  .     . 
-manganese 


Lime 
Magnesia 
Potash  . 
Soda      . 


1 

9 

3 

4 

5 

60-52 

62 '70 

74*05 

74-80 

84*00 

19-05 

16-98 

12*97 

12-40 

4-64 

4*22 

4-98 

2-73 

2*03 

5*01 

0-33 

0-39 

0*12 

•  • 

•  • 

0-59 

1«77 

0-28 

1*96 

2*89 

0*19 

0-82 

•  • 

0-90 

•  • 

10*63 

6-09 

4M5 

6-40 

1 

•  • 

3-50 

4*35 

5'11 

•  • 

3*55 

6 


70-34 
8*63 

10-52 
0*32 
4*56 

1-67 

•  • 

3-34 


69*46 
'  2-60 
'  2-60 


7' 
2« 
7' 
5' 


54 

60 
12 
08 


1.  From  Teneriffe  (Abich).  2.  Island  of  Procida  (Abich) .  3.  Lipari  ( Abich). 
4.  Telkebanya  (Erdmann).  5.  Iceland  (Thomson).  6.  India  (Damour). 
7.  Pasco  (Berthier). 


*  Dana,  <* Geology  of  the  United  States*  Exploring  Expedition,'  p.  200, 
whence  the  following  analyses  are  extracted : — 


Silica       .     .     • 
Alumina .     . 
Protoxide  of  iron 
Lime •     .     .     • 
Magnesia      .     . 
Soda  .... 


39-74 
10*55 
22-29 
2-74 
2*40 
21-62 


51 
14 


93 
07 


10-91 
6-20 


1 
6 


73 
'31 


50-67 

•  • 

33*62 
3*66 
1-13 

10*52 


59-80 

•  • 

31-33 

•  • 

1-71 
4*83 


1.  Dark-coloared  Pelea  Hair.  2.  Scoria.  3.  Compact  yitreoos  lava.  4.  Com- 
pact stony  laTa.  3  and  4  are  from  the  same  specimen,  the  fonner  constitatlng 
the  exterior  portion  of  the  latter. 

Mr.  Dana  also  gives  the  following  analysis  of  Pele's  Hair  by  Mr.  Peabody, 
which  agrees  with  the  above  as  to  the  large  proportion  of  protoxide  of  iron,  but 
differs  from  it  by  giving  potash : — 

SiUca 50-00 

Protoxide  of  iron  .     .     .     .     28-72 

Lime 7-40 

Alamina 6*16 

Potash 6-00 

Soda 2-00 
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COMPOSITION  OF  OLIVINE  AND  LBUCITB. 


As  olivine  and  leucite  are  minerals  often  entering  largely 
into  volcanic  rocks,  it  is  useful  that  the  observer,  while  esti- 
mating the  chemical  composition  of  those  in  wliich  they  may 

occur,  should  bear  in  mind  that  the  former  is  a  silicate  of  mag- 

•        »        •  •• 

nesia  and  protoxide  of  iron  [(Mg,  Fe)'  Si],  and  the  latter  a 
silicate  of  potash  and  alumina  (K'  Si'  +  3  Al  Si').*      He 


*  The  following  analyses  may  aid  in  showing  the  similar  composition  of 
olivine  from  yarioos  lo<»Utie8.  Several  others  might  be  added  of  the  same 
kind: — 


SiUca 

Magnesia      •     .     .     • 
Protoxide  of  iron    .     . 

— —  manganese 

Alamina       •     •     •     . 


i 

9 

3 

4 

40-09 

40-45 

41*54 

41-44 

50-49 

60-67 

50-04 

49- 19 

817 

8-07 

8-66 

9-72 

0-20* 

0-18* 

0-25 

0-13 

0-19 

0-19 

0*06 

0«16 

40*13 

44-55 

15*32 

0*29 

0-14 


*  Peroxide  of  mangufteM. 

1.  From  the  Vogelsberg,  Giessen  (Stromeyer),  contains  also  0*37  protoxide 
of  nickel.  2.  Kasalthoff,  Bohemia  (Stromeyer),  contains  also  0*33  protoxide 
of  nickel.  3.  Isceweise  (Walmstedt).  4.  Le  Pay,  Viyarais  (Walmstedt)»  con- 
tains also  0*21  of  lime.    5.  Monte  Somma  (Walmstedt). 

As  respects  this  mineral,  it  is  highly  interesting  to  find  that  the  oliyine  Ibond 
in  the  meteoric  iron  of  Siberia  and  Otumba,  Soath  America,  should  poseeas  a 
similar  composition. 


SiUca 

Magnesia  •  .  •  . 
Protoxide  of  iron  • 
! manganese 


i    1 

9 

40-86 

38*25 

47-35 

49-68 

11-72 

11-75 

0*43 

0-11 

1.  From  Siberia  (Benelius).    2.  From  Otumba  (Stromeyer). 

With  respect  to  leucite,  the  two  following  analyses,  the  first  from  Vesnyiiu, 
by  Arfvedson,  and  the  second  from  Monte  Somma,  by  Awd^ew,  wiU  serre  to 
show  the  proportion  of  the  constituent  parts : — 


Silica  .  .  . 
Alumina  .  . 
Potash  .  . 
Soda  .  .  . 
Peroxide  of  iron 


8 


56-10 
23  10 
21*15 


0-95 


56*05 

23-03 

20-40 

1-02 
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should  also  recollect  that  augite  is  a  silicate  of  lime  and  mag- 
nesia*  (Ca'  Si*  +  Mg"  Si''),  lahradorite,  a  silicate  of  alumina, 
lime,  and  soda  f  (R  Si  +  Al  Si),  orthoclase  (potash  felspar),  a 

•     •  •  •  •  •  •     •  •  • 

ffllicate  of  alumina  and  potash  J  (K  Si  +  Al  Si'),  albite  (soda- 
felspar),  a  silicate  of  soda  and  alumina  §  (Na  Si  +  Al  Si'). 

The  chief  substances  entering  into  the  composition  of  ^1- 
canic  rocks  are  the  silicates  of  alumina,  oxide  of  iron,  lime, 
magnesia,  potash,  and  soda,  the  fusibility  of  the  different 
compounds  of  which,  constituting  distinct  minerals,  varies, 
the  rocks  into  which  augite,  or  that  into  which  silicate  of 
lime  enters  most  largely,  being  the  easiest  of  reduction  to 
the  fluid  state  by  heat.  As  lahradorite  likewise  contains 
a  considerable  proportion  of  silicate  of  lime,  and  is  more  fusible 
than  orthoclase  (the  potash-felspar),  both  the  minerals  entering 
into  the  composition  of  dolerite  render  it  much  more  fusible 
than  trachyte,  chiefly  formed  of  the  potash-felspars.  Silicate 
of  lime  may  indeed  be  considered  as  a  characteristic  substance 
in  the  dolerites,  while  it  is  comparatively  rare  in  the  trachytes, 
that  is,  of  those  in  which  true  orthoclase  predominates.||  In 
locaUties,  therefore,  where  trachytic  have  clearly  preceded 
doleritic  rocks,  the  more  fusible  have  succeeded  the  least 
fusible  products — a  fact  of  no  little  theoretical  value. 

With  respect  to  the  diffusion  of  cei'tain  minerals^  such  as 

*  In  the  very  numerons  analyses  which  have  been  made  of  angite,  the  siUca 
iraries  from  47*05  (Arendal,  Gillenfelder  Maar  Eifel)  to  57*40  (Tjotten, 
Norway),  the  lime  from  17*76  (Tyrol)  to  25*C0  (Achmatowsk),  and  the  mag- 
nesia from  6*83  (Finland)  to  18*  £2  (Valine  de  Fassa).  There  is  usually  pro- 
toxide of  iron  varying  from  4*81  (Tyrol)  to  26*08  (Tnnaberg,  Sweden),  as  also 
alnmina  from  0-14  (Dalecarlis)  to  6*67  (Gmenfelder  Maar  £ifel). 

t  R  being  taken  as  ]  lime  and  }  soda,  the  chemical  composition  of  lahra- 
dorite is  considered  to  be  =  53*7  silica,  29*7  alumina,  12*1  lime,  and  4*6 
•oda.  There  are  usually  also  small  portions  of  potass  varying  from  1  *  79  to  0^3. 

{  The  chemical  composition  of  orthoclase  is  inferred  to  be  65*4  silica,  18 
alumina,  and  16*6  potash,  a  little  soda  and  lime  being  included  in  the  latter. 
Niool, "  Manual  of  Mineralogy,"  p.  119. 

$  Albite  is  considered  to  be  essentially  composed  of  69*3  silica,  19*1 
alumina,  11*6  soda,  part  of  the  last  often  replaced  by  lime  or  potass.— Nicol, 
**  Manual  of  Mineralogy,"  p.  124. 

II  In  those  compounds  referred  to  orthoclase,  in  which  soda  is  more  abundant 
than  potash,  it  may  be  much  doubted  how  far  they  really  deserve  the  name, 
nnless  it  be  inferred,  with  Dr.  Abich,  that  soda  and  potash  are  both  isomorphous 
and  dimorphous. 
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olivine  and  leucite,  through  the  mass  of  a  volcanic  rock^  having 
once  been  formed,  that  is,  the  component  particles  of  the  silicates 
of  magnesia  and  protoxide  of  iron  of  the  one,  and  the  silicates 
of  potash  and  alumina  of  the  other,  having  been  placed  under 
the  conditions  permitting  them  freely  to  move  and  become 
aggregated  in  the  definite  and  needful  manner,  these  minerals 
may  become  so  many  comparatively  infusible  bodies  amid  a  more 
fusible  mass.  Hence,  by  the  application  of  a  certain  amount  of 
heat,  the  containing  substance,  should  it,  for  example,  be  any 
of  the  doleritic  mixtures,  may  be  fused,  while  these  bodies  may 
remain  unmelted,  retaining  their  forms  and  general  characters, 
until  finally  acted  upon  by  the  surrounding  molten  mass,  with 
its  large  proportion  of  silicate  of  lime,  forming  a  flux,  and 
perhaps  by  a  more  elevated  temperature.  It  is  easy,  there- 
fore, to  conceive  that,  as  has  been  above  mentioned,  a  lava 
stream  may  be  ejected  containing  leucites  and  olivines  derived 
from  the  remelting  of  a  previously  formed  volcanic  rock.  Judg- 
ing from  tlie  specific  gravity  of  dolerites,  when  cold  and  solid 
(2*94  —  2*96),  leucite  crystals  (spec.  grav.  2*4  —  2*5)  would 
easily  be  upborne,  rising  towards  the  top  of  the  rock  in  its  fluid 
state,  ready  to  be  ejected  in  a  lava  stream.  This  would  not 
be  the  case  with  olivine,  the  specific  gravity  of  which  (3*3  —  3*5) 
is  greater  than  that  of  the  dolerites,  so  that  if  the  latter,  con- 
taining disseminated  olivine,  were  remelted,  this  mineral,  from 
its  little  fusibility  and  greater  weight,  would  have  a  tendency  to 
descend,  like  any  substance  mechanically  suspended  in  a  fluid 
lighter  than  itself  As  to  augite,  disseminated  crystals  of  it 
would,  from  their  ready  fusibility,  be  soon  melted,  though  their 
specific  gravity  would  be  3*2  —  3'5. 

It  may  not  be  out  of  place  to  remark,  as  it  has  been  thought 
that  trachytic  may  have  been  formed  from  felspar-porphyritic 
and  granitic  rocks  of  much  older  date,  that  upon  the  heat  to 
which  the  one  or  the  other  would  be  exposed,  might  depend 
the  melting  of  these  rocks  either  partially  or  wholly.  How- 
ever silica,  if  mingled  with  some  other  substances,  may  be 
readily  fusible,  when  once  separated,  as  quartz,  it  is  highly 
refractory,  even  if  surroimded  by  fusible  silicates,  as  may  be 
readily  tried  in  the  laboratory,  and  seen  daily  in  the  slags  in 
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many  great  metallurgical  works.  The  felspathic  portions,  which, 
in  some  granitic  and  felspar-porphyric  rocks,  contain  soda  as 
well  as  potash,  are  not  difficult  of  fusion,  as  may  easily  also  be 
found  by  experiment.  With  the  mica,  much  depends  upon  whe- 
ther it  is  a  potash,  littiia,  or  magnesia  mica.  The  second  of  these 
fuses  more  easily  than  the  first,  and  both  more  readily  than  the 
third,  which  we  have  found,  in  experiments,  still  crystallized, 
after  the  fusion  of  a  felspar-porphyry,  through  the  base  or 
paste  of  which  crystals  of  it  were  disseminated.  There  appears 
no  difficulty  in  conceiving  that,  upon  the  melting  of  a  granite, 
composed  of  orthoclase,  quartz,  and  magnesia-mica,  the  first, 
afler  fusion,  may  again  crystallize,  and  envelope,  the  two 
latter,  held  meclianically  suspended  in  the  molten  fluid  during 
the  fusion  of  the  felspathic  portion.  Even  supposing  some  of 
the  quartz  to  have  been  fused,  (being  smrounded  by  a  substance 
acting  as  a  flux,)  upon  the  recrystallization  of  the  orthoclase, 
we  should  expect  that  the  extra  amount  of  silica,  not  required 
for  the  formation  of  that  mineral,  would  be  excluded  as  quartz. 
As  to  the  position  of  any  unmelted  quartz  and  mica  of  a  granite, 
the  felspathic  portion  of  which  was  alone  fused,  if  the  latter 
were  wholly  composed  of  orthoclase  (sp.  grav.  2*53  —  2*58),  the 
quartz  (sp.  grav.  2*6)  might  have  no  great  tendency  to  descend 
in  the  fluid  body.  The  mica  would  more  readily  fall  down, 
its  specific  gravity,  for  the  potash  kind,  being  28 — 3*1,  and 
for  the  magnesia  species,  that  which  is  somewhat  common  in 
granites,  2*85  —  2'9.  In  some  felspar-porphyries  mica  or  quartz, 
and  sometimes  both,  are,  with  felspar,  and  occasionally  other 
minerals,  well  crystallized,  so  that  supposing  the  descent  of 
the  mica  tlu*ough  the  molten  mass,  and  the  quartz  more  mecha- 
nically suspended  in  it,  an  ejected  upper  portion  may  contain 
the  quartz  crystals,  and  a  subsequent  lava,  the  mica,  suppos- 
ing that  it  remained  still  unfused. 

The  attention  of  the  observer  is  called  to  this  mode  of 
viewing  the  subject,  so  that,  even  on  the  minor  scale,  while 
certain  trachytic  rocks  are  before  him,  he  may  duly  estimate  the 
sinking  or  rising  of  certain  minerals  in  a  fluid  mass  of  molten 
rock,  the  higher  or  lower  parts  of  which  may  be  poured  out  of 

•2  k 
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a  yolcano,  as  its  sides  may  either  hold  firm,  so  that  laya  over- 
flows the  crater,  or  be  fissured,  letting  ofi^  the  fluid  matter  at  a 
lower  level.  Viewing  the  whole  height  of  a  volcano  known  to 
us  as  a  minor  fractional  part  of  the  depth  to  which  the  molten 
matter,  partially  from  time  to  time  thrown  out,  may  descend, 
certain  minerals  which  have  remained  unfused  upon  the  par- 
tial melting  of  felspar-porphyritic  or  granite  rocks,  (at  fint 
taking  their  relative  positions  according  to  their  specific  gravi- 
ties,) may  be  subsequently  melted,  their  elements  mingling 
with  the  general  mass,  to  be  afterwards  elevated  and  ejected. 
Thus  supposing  much  magnesia-mica  to  have  descended  in 
the  molten  fluid,  upon  the  partial  melting  of  the  granite 
which  contained  it,  the  magnesia,  upon  the  final  fusion  of  the 
mica,  might  wholly,  or  partially,  aid  in  the  production  of 
olivine  in  subsequently  ejected  lava.*  The  sinking  of  mine- 
rals in  fluid  lava  long  since  engaged  the  attention  of  Von 
Buch,  who  found  felspar  crystals  more  abundant  in  the  lower 
than  in  the  higher  [>art  of  a  current  of  obsidian  at  Tenerifle, 
and  Mr.  Darwin  has  more  recently  directed  attention  to  itf 
Volcanos  having  apparently  pierced  through  rocks  of  most 

*  [n  some  of  the  micas  the  magnesia  amoonts  to  more  than  25  per  cent.  One 
fW>m  Lake  Baikal,  analyzed  by  Rose,  gave  26*97  of  this  sahstance,  and  another 
ftom  Sala  afforded  SvaDherg  25*39  per  cent. 

t  Von  Buch,  '« Description  dec  Isles  Canaries;"  and  Darwin,  "  Geological 
Observations  on  the  Volcanic  Islands  visited  during  the  voyage  of  the  Beagle." 
After  quoting  the  labours  of  Von  Buch,  and  the  experiments  of  M.  de  Or^ 
(mentioned  by  him),  in  which  crystals  of  felspar  in  melted  lava  were  found  to 
have  a  tendency  to  descend  to  the  bottom  of  the  crucible,  Mr.  Darwin  discusses 
at  length  the  subject  of  the  relative  specific  grayities  of  minerals  in  fluid  lavas. 
''  In  a  body  of  liquified  rock,"  he  remarks,  "  left  for  some  time  without  any 
violent  disturbance,  we  might  expect,  in  aooordanoe  with  the  above  flusis 
(alluding  to  those  above  noticed,  and  the  granulation  of  argentiferous  lead  in 
Patterson's  process,  by  which  grains  or  imperfect  crystals  of  lead  descend  to 
the  bottom  of  the  fluid  mass),  that  if  one  of  the  constituent  minerals  became 
t^Bpeg^ti^  into  crystals  or  granules,  or  had  been  enveloped  in  this  state  from 
some  previously  existing  mass,  such  crystals  or  granules  would  rise  or  sink 
according  to  their  specific  gravity.  Now,  we  have  plain  evidence  of  crystals 
being  embodied  in  many  lavas,  while  the  paste  or  basis  has  continued  fluid.  I 
need  only  refer,  as  instances,  to  the  several  great  pseudo-porphyritic  streams  «t  the 
Galapagos  Islands,  and  to  the  traehytic  streams  in  many  parts  of  the  world«  in 
which  we  find  crystals  of  felspar  bent  and  broken  by  the  movement  of  the  sur- 
rounding semi-fluid  matter." 
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varied  chemical  conipositimi,  as  shown  by  the  fragments  of 
them  so  often  ejected,*  it  may  be  assumed  that  portions  of 
such  rocks,  when  not  thrown  out  as  fragments,  may  be  often 
fused  in  the  interior  of  the  volcano,  their  elementary  substances 
mingling  with  the  general  molten  mass.  While  such  frag- 
ments are  sometimes  little  altered,  as  if,  after  being  broken 
off  suddenly  from  their  parent  rocks,  they  had  not  been  exposed 
to  a  heat  sufficient  to  effect  much  change  in  them,  others  appear 
to  have  been  acted  upon  in  various  degrees,  producing  modifi- 
cation in  the  arrangement  of  their  component  particles,  and  even 
the  addition  to,  or  subtraction  of  some  of  the  latter  them8elves.t 

By  breaking  through,  and  entangling  portions  of  limestones 
and  dolomitic  rocks,  much  lime  and  magnesia  may  be  obtained 
by  fusion,  useful  in  affording  materials  for  the  production  of 
the  silicates  of  lime  and  magnesia  of  augitc,  and  the  silicate 
of  magnesia  of  olivine.  So  aJso  with  other  accumulations  dis- 
rupted and  partially  melted.  Indeed,  upon  estimating  whence 
the  mineral  matter  of  a  volcano  may  have  been  derived,  it 
becomes  not  only  desirable  to  consider  the  probable  composi-' 
tion  of  any  igneous  rocks  which  may  have  been  remelted,  and 
the  circumstances  attending  this  refusion,  but  also  the  aqueous 
deposits  of  various  kinds  which  may  have  become  more  or  less 
exposed  to  fusion  during  the  time  that  a  volcano  has  been 
ejecting  mineral  matter,  either  as  molten  rock,  cinders,  or  ashes.| 

One  kind  of  lamination  observed  in  igneous  rocks  has  been 

•  They  have  long  beeu  knoDrn  on  Vesuvius,  where  the  fragments  of  lime- 
stone, on  the  Monte  Somma  portion  of  that  volcano,  have  attracted  much  atten- 
tion. A  fragment  of  fossiliferous  lime&tone  has  there  also  been  found.  With- 
out entering  generally  upon  the  various  instances  of  the  ejected  fhigments  of 
rocks  from  volcanos,  it  may  be  useful  to  recall  the  attention  of  the  observer  to 
those  of  limestone,  dolomite,  and  sandstone  thrown  out  when  the  volcanic  island 
rose  through  the  sea  between  Pentallaria  and  Sicily,  in  1831  (p.  81),  as  showing 
that  they  may  be  sought  for  in  such  cases. 

t  Dr.  Daubeny  notices  the  probable  conversion  of  the  ordinary  Alpine  lime- 
stone of  the  vicinity  of  Naples  into  granular  limestone  by  heat,  as  seen  in  the 
fragments  of  the  latter  limestone  found  at  the  Monte  Somma,  and  he  quotes  the 
'researches  of  Dr.  Faraday,  as  showing  that  carbonic  acid  cannot  be  expelled 
firom  limestone  unless  steam  be  present. 

I  As  respects  the  volcanic  region  of  Naples,  and  the  fragments  of  rocks  which 
have  beeu  ejected  by  Vesuvius,  it  is  interesting  to  consider  the  modifications  of 
igneous  matter  which  might  arise  from  the  addition  of  lime  and  magnesia  to 
any  fundamental  igneous  product  derived  firom  great  depths.   Dr.  Abich  (Ueber 
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above  noticed  (p.  380)  as  due  to  the  elongation  and  compression 
of  vesicles,  so  that  by  their  extreme  flattening  this  structure  is 
produced.  In  the  cases  of  minerals  ejected  in  an  unfiised 
state,  the  lava  current  in  which  they  are  included  moving 
onwards,  so  that  they  would  adjust  themselves  according  to 
their  forms  and  the  different  velocities  of  movement  produced 
by  friction  against  the  supporting  rocks,  or  any  casing  of  more 
consolidated  portions  of  the  molten  stream,  we  might  expect  a 
certain  amount  of  arrangement  in  planes,  or  of  lamination  to  be 
produced.  Mixtures  of  substances  of  different  kinds  may  some- 
times also  be  so  juxtaposed  before  ejection  that  when  flowing 
as  a  lava  current  they  formed  separate  layers,  the  thinner, 
other  circumstances  being  the  same,  when  the  more  elongated.* 
Looking  also  to  the  spherical  bodies,  commonly  formed  of 
radiating  crystals  of  part  of  the  compound,  observed  when 
glasses  are  passing  into  the  stony  form,  (examples  of  which  are 

die  Natar  uud  den  Zosammeiihaiig  des  TulkaniBchen  Bildongen,  Explanation 
of  Plates,  p.  !▼.),  gives  the  foUowing  analysis  of  the  dolomites  and  limestODes 
of  that  vicinity : — 
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9 

10 

Carlwnate  of  lime      .     . 
Carbonate  of  magnesia  . 
Oxide  of  iron  and  alumina 
Silica  and  bitumen    .     . 

32-30 
46-97 

0 

0 

5G-67 
|43*43 

0 

0 

54-10 

3900 

0*94 

5-25 

i>6-20 
M-79 

0 

0 

96  00 
2*30 
0 
0 

9B04 
1-96 
0 
0 

96-06  98*17 
1*78     1-48 
0        ,  0 
0        '  0 

96-7« 
1*69 
0-32 
I«00 

98-40 
1-51 
0 
0 

1.  From  Capri.  2.  Valle  di  Sambmo,  between  Minori  and  Majnri.  S.  Bli- 
nnri.  4.  Between  Vico  and  Sorento.  5.  Valle  di  Sambmo.  6.  Monte  St 
Angelo,  Castellamare.  7.  Ponta  di  Lettere,  Castellamare.  8.  Capri.  9.  Yioo. 
10.  Capri. 

*  With  respect  also  to  the  lamination  of  igneoos  rocks,  Mr.  Darwin  directs 
attention  to  the  probable  arrangement  of  parts  in  a  viscous  lava-flow  analogous 
to  that  described  by  Professor  James  Forbes  (p.  242),  as  eflEected  in  glaciers :  a 
circumstance  to  be  regarded  so  far  as  the  sin^ar  conditions  of  the  two  bodies, 
glacier-ice  and  a  viscous  lava-stream,  may  extend.  Mr.  Darwin  (Volcanic 
Islands,  p.  70),  when  describing  the  Island  of  Ascension,  enters  largely  into  the 
causes  of  lamination  in  volcanic  rocks,  seen  there  and  in  many  other  parts  of 
the  world.  Among  other  remarks,  he  concludes  *'  that,  if  in  a  mass  of  cool- 
ing volcanic  rock,  any  cause  produced  in  parallel  planes  a  number  of  minute 
fissures  or  zones  of  less  tension  (which,  from  the  pent-up  vapours,  would  often 
*ie  expanded  into  crenulated  air-cavities),  the  crystallization  of  the  constituent 

\rt8,  and  probably  the  formation  of  the  concretions,  would  be  superinduced  or 

uch  favoured  in  such  places ;  and  thus  a  laminated  structure  of  the  kind  we 

e  considering  would  be  generated." 
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not  unfrequently  produced  artificially,)  we  should  anticipate, 
under  the  circumstances  of  lava  passing  into  the  stony  from 
its  fluid  condition,  and  movement  still  prevailing  in  the  mass, 
that  the  cooling  portions,  more  especially  adjacent  to  the 
ground  over  which  the  whole  was  passing,  might  sometimes 
have  their  parts  so  acted  upon  that  planes,  composed  of  little 
spherules,  might  be  formed :  even  alternations  of  tliem  pro- 
duced as  successive  portions  of  the  fluid  lava  became  exposed 
to  similar  conditions.  Obsidian  is  but  the  vitreous  state  of 
melted  rock,  and  all  the  conditions  obtaining  when  artificial 
glasses  are  passing  into  the  stony  state,  such  as  those  produc- 
ing separate  crystals  of  certain  silicates,  and  the  arrangement 
into  spherules,  has  to  be  looked  for  as  well  in  the  one  as  in  the 
other,  the  modifications  depending  on  the  kind  and  abundance 
of  the  different  silicates,  with  due  regard  to  the  conditions 
under  which  the  general  mass  may  have  moved  or  remained 
quiet  The  obsidians,  in  certain  volcanic  countries,  are  espe- 
cially advantageous  for  studies  of  this  kind,  and  will  well  repay 
the  attention  of  an  observer.*     He  will  also  find  examples  of 

•  Dr.  Danbeny  points  out  (Description  of  Volcano*,  p.  256),  with  respect  to 
the  obsidian  of  Lipari,  that  **  some  of  its  varieties  possess  a  remarkable  re- 
semblance to  certain  products  obtained  by  Mr.  Gregory  Watt  (Philosophical 
Transactions,  1S04)  daring  the  cooling  of  large  quantities  of  basalt,  an  inci- 
pient crystaUization  beginning  to  manifest  itself  in  the  midst  of  the  vitreous 
mass  in  the  appearance  of  white  or  lighter  coloured  spots,  which  appear  to  be 
made  up  of  points  radiating  from  a  common  centre.  In  many  of  the  Lipari 
obsidians,  however,  these  round  spots  are  composed  of  concentric  laminee,  and 
are  disposed  in  general  in  lines,  so  as  to  give  a  resemblance  of  stratification  to 
the  mass.  In  other  cases  the  whole  mass  is  made  up  of  globules  of  this  kind, 
which  are  hollow  internally,  and  are  sometimes  cemented  by  black  obsidian." 

Mr.  Darwin  gives  (Volcanic  Islands,  p.  64 — 65),  an  interesting  account  of 
laminated  volcanic  beds  alternating  with  and  passing  into  obsidian  at  the  Island 
of  Ascension.  After  describing  these  beds  he  remarks,  that  "  as  the  compact 
varieUes  are  quite  subordinate  to  the  others,  the  whole  may  be  considered  as 
laminated  or  striped.  The  laminae,  to  sum  up  their  characteristics,  are  either 
quite  straight,  or  slightly  tortuous,  or  convoluted ;  they  are  all  parallel  to  each 
other,  and  to  the  intercalating  strata  of  obsidian ;  they  are  generally  of  extreme 
thinness;  they  consist  either  of  an  apparently  homogeneous,  compact  rock, 
striped  with  different  shades  of  gray  and  brown  colours,  or  of  crystalline  fels- 
pathic  layers  in  a  more  or  less  perfect  state  of  purity,  and  of  different  thick- 
nesses, with  distinct  crystals  of  glassy  felspar  placed  lengthways,  or  of  very 
thin  layers  chiefly  composed  of  roiniite  crystals  of  quartx  and  augite,  or  com- 
posed of  black  and  red  specks  of  an  augitic  mineral  and  of  an  oxide  of  iron, 
either  not  crystallized,  or  imperfectly   so."    Mr.  Darwin  also  mentions  the 


42*2  COMPOSITION  OF  VOLCANIC  ASHES. 

lamination  in  volcanic  rocks  which  have  passed  the  vitreons  state, 
or  intermixture  with  that  state  in  cooling,  and  it  will  be  desirable 
that  such,  as  well  as  the  obsidians,  should  be  well  examined 
for  evidence  either  of  movement  while  consolidation  was  being 
effected,  or  for  the  simple  and  very  gradual  crystallization  of 
parts  during  any  long  period  during  which  the  whole  body  of 
rock  may  have  taken  to  cool.*  In  such  researches  the  observer 
will  have  to  recollect,  that  the  top  of  a  lava  stream  is  8o  far 
differently  circumstanced  from  the  lower  portion,  that,  while 
the  former  is  exposed  to  the  atmosphere  and  all  its  changes, 
the  latter  rests  upon  a  bad  conductor  of  heat,  so  that  somewhat 
modified  efiects  may  often  be  produced,  as  regards  the  arrange- 
ment of  the  component  substances,  in  the  one  part  and  the 
other. 

With  regard  to  the  cinder  and  ash  accumulations  on  the 
sides  of  volcanos,  the  adjacent  country,  and  the  far-distant 
regions  to  which  the  latter  may  be  borne,  it  would  oe  expected 
that  their  chemical  composition  would  be  similar  to  the  lavas, 
for  the  time,  of  their  respective  volcanos,  should  any  be  thrown 
out,  subject  to  such  modifications  as  their  more  complete  expo- 
sure to  the  vapours  and  gases  rushing  out  might  occasion. 
We  should  anticipate  that  during  the  eruptions  of  trachytic 
lavas  the  cinders  and  ashes  would  be  likewise  trachytic,  and  so 
with  the  other  kinds  of  volcanic  rocks.  Thus,  should  trachytic 
have  preceded  doleritic  eruptions,  in  any  localities,  the  ashes 
and  cinders  of  the  one  would  have  preceded  the  other,  j*    Ashes 

^ I ^.-,— , „  ,-,    -M-i-M-M^w-M^  M    -    I—         -I  f— ■  -    -    -     — r      r  r  -        ^       WU        I         ■  -1 

beds  into  the  other,  one  kind  of  spheraUtes  white,  or  translucent,  the  other  dark 
brown  or  opaque,  the  former  distinctly  radiated  from  a  centre,  the  latter  more 
obscurely  so*  While  remarking  on  the  sphemlites  in  obsidians  and  in  artificial 
glasses,  Mr.  Darwin  calls  oar  attention  to  the  observations  of  M.  Dartignes 
(Journal  de  Physiqne,  t.  59,  pp.  10,  12,  1804),  on  the  difficalty  of  remehing 
spherulitic  and  devitrified  glasses  without  first  pounding  them  and  mixing  the 
whole  well  together,  the  separation  of  certain  parts  from  the  general  compound 
in  the  spherules  or  crystals  rendering  this  necessary. 

*  In  all  snch  researches  the  slow  cooling  of  a  lara  stream  has  to  be  well 
considered.  Dr.  Daubeny  mentions,  that  he  found  the  temperature  of  the  laya 
stream,  ejected  from  yesuvius  in  August,  1834,  to  be  390°  Fahr.,  four  months 
after  its  outflow,  the  thermometer  placed  upon  ibe  lava,  after  the  scoriae  on  the 
lurfhoe  had  been  removed.  Daniell's  pyrometer  gave  similar  results  when 
Ltroduced  into  a  cavity  of  the  lava  (Description  of  Volcanos^  p.  229). 

t  M.  Dnfr^noy  (Ebcamen  ehimique  et  microscopique  de  qnelqnes  cendres 
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and  cinders  being  so  exposed,  particularly  the  former,  to  be  in- 
termingled witb,  and  surrounded  by,  these  volcanic  vapours 
and  gases,  much  would  depend,  as  to  any  modification  or 
change  in  the  original  mineral  substance,  upon  the  time  during 
which  this  action  might  last,  as  also  upon  the  kinds  of  the 
vapours  and  gases  to  which  the  ashes  or  cinders  may  be  ex- 
posed. In  all  cases  it  would  be  expected  that  where  the 
cinders  and  ashes  were  the  most  abundantly  and  speedily 
accumulated,  as  upon  the  cone,  or  sides  of  a  volcano,  the 
effects  arising  from  an  in^rmixture  of  the  acids  and  vapours 
with  the  ashes  and  cinders  would  be  the  most  considerable. 
For  instance,  where  hydrochloric  acid  is  much  mingled  with 
the  ashes  and  cinders,  the  whole  piled  around  a  crater  in  a  hot 
moist  state,  such  portions  as  were  soluble  in  that  acid  might 
be  much  acted  upon.  The  like  also  with  sulphurous  and  car- 
bonic acids. 

In  considering  the  original  composition  and  subsequent 
modification  which  any  mass  or  layers  of  volcanic  cinders  may 
have  sustained,  it  is  also  needful  for  the  observer  to  search  for 
evidence  as  to  the  probability  of  these  cinders  and  ashes  having 
been  arranged,  as  now  found,  either  in  the  air  or  beneath  water, 
such  for  instance  as  is  afforded  by  the  occurrence  of  shells  or 
other  organic  remains  among  them,*  or  by  layers  of  detritus  or 
chemically-deposited  matter,  showing  a  sub-aqueous  accumu- 
lation. Ashes  and  cinders  descending  into  water,  and  after- 
wards arranged  by  it,  would  probably  be  well  washed,  so 
that  little  change  would  be  effected  afterwards  by  any  acids 
adhering  to,  or  mingled  with  them. 

The  term,  tuff  or  tufa,  is  not  uncommonly  given  to  the  ash 

t.  iy.)  considers  that  volcanic  ashes  are  most  frequently  composed  of  distinct 
minerals,  therein  differing  from  the  powder  produced  bj  the  trituration  of 
rocks,  QsoaUy  formed  of  the  union  of  several  minerals.  He  therefore  infers 
that  volcanic  ash  *'  is  rather  the  result  of  a  confiised  crystallization,  produced 
under  the  influence  of  brisk  agitati<m,  such  as  in  the  saltpetre  prepared  for  the 
manuCftCture  of  gunpowder,  than  the  product  of  the  trituration  of  lavas  in  vol- 
oanio  vents,  though  the  ashes,  collectively,  do  not  the  less  represent  the  compo- 
rition  of  the  lava.*' 

*  So  long  since  as  the  time  of  Sir,  William  Hamilton,  shells  were  detected  in 
the  tuff  of  the  vicinity  of  Naples.  They  have  also  been  noticed  in  other  local- 
ities in  that  vicinity,  and  are  described  as  those  of  species  still  living. 
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and  cinder  accumulatioDs  of  volcanic  regions.  Dr.  Abich  has 
given  the  following  analyses  of  the  tuff  of  the  Phlegrean 
Fields,  Posilippo,  and  the  Island  of  Vivara,  the  two  former 
being  termed  trachytic  tuff,  the  last  basaltic  tuff: — 


Silica  •     .  . 

A  lamina  .  . 
Oxide  of  Iron 
Lime .     • 

Magnesia  • 
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1.  Yellow  taff,  from  Nola.  2.  Yellow  tuff,  from  Podlippo.  8.  White 
taf^  from  Posilippo.  4.  Toff,  from  Epomoeo.  5.  From  the  crater  of  Monte 
Nnovo.   6.  Yellow  tafi^  from  the  Island  of  Vivara.    7.  Grej  laff,  frt>m  ViTBnu* 

Looking  at  the  varied  manner  in  which  ashes  and  cinders 
may  be  accumulated,  either  wliolly  in  the  atmosphere  or 
beneath  water,  to  the  substances  with  which  they  have  been 
mingled  in  the  crater  of  a  volcano,  and  which  may  more  or 
less  coat  or  impregnate  them  afterwards,  and  to  the  infiltra- 
tions through  beds  and  masses  of  them  subsequently  to  their 
deposit,  either  adding  to,  abstracting  from,  or  modifying  the 


*  M.  Dnfr^noy  (M^moires  pour  servir  a  one  Description  G^ologiqae  de  la 
France,  t  !▼.,  p.  384)  obsenres,  that  the  tnffi  of  Posilippo,  Pompeii,  and 
Ischia  (the  two  former  analysed  by  M.  fierthier,  the  last  by  himself  present 
nearly  the  same  general  characters,  with  the  exception  of  that  of  Pompeii, 
which  contains  nine  per  cent,  of  carbonate  of  lime,  a  substance  which  he  infers 
was  infiltrated,  adding  weight  to  the  opinion,  that  the  entombment  of  Herca* 
laneom  and  Pompeii  was  produced  by  an  alluvion  of  the  tuff  forming  the 
fianks  of  Monte  Somma,  water  having  greatly  aided  the  filling  up  of  the 
edifices  in  the  two  towns.  Remarking  on  the  trachytic  tuff  of  the  Phlegrean 
Fields,  Dr.  Daubeny  observes  (Description  of  Volcanos,  p.  16)  that  the  analysis 
of  it  proves  that,  'Mike  pumice,  it  is  only  a  metamorphosed  condition  of 
trachyte.*'  He  considers  tuff,  pumice,  and  obsidian,  as  all  modifications  of  the 
same  basis,  the  two  former  containing  "  water  chemically  combined,  namely- 
yellow  tuff,  three  atoms ;  white  tuff,  two  atoms ;  pumice,  one/*  ••  Now  lava," 
he  continues,  "  although  commonly  accompanied  at  the  time  of  its  eruption  by 
abundance  of  steam,  and  containing,  even  for  several  months  afterwards, 
entangled  with  it  a  large  quantity  of  this  and  other  volatile  matters,  holds  no 

Ater  ill  chemical  combination,  so  that  the  fact  with  respect  to  tuff  and  pumice 
ws,  that  these  formations  have  been  placed  under  circumstances  of  another 
1  than  those  of  molten  lavas." 
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arrangement  of  their  component  substances,  we  should  expect 
that  at  times  even  very  solid  rocks  may  be  produced,  at  first 
sight  presenting  little  of  the  aspect  of  an  accumulation  of 
fine  powder  and  cinders.  Mr.  Darwin  describes  a  tufi^,  appa- 
rently of  this  kind,  at  Chatham  Island  (Galapagos  Archipe- 
lago), one  evidently  formed  at  first  of  cinders  and  ashes,  but 
now  having  a  somewhat  resinous  appearance,  resembling  some 
pitcbstones.  He  attributes  this  alteration  to  ^'a  chemical 
change  on  small  particles  of  pale  and  dark-coloured  scoria- 
ceous  rocks;  and  this  change  could  be  distinctly  traced  in 
difierent  stages,  round  the  edge  of  even  the  same  particle.''* 

In  Iceland,  a  tufi^  apparently  also  in  a  changed  or  modified 
condition  from  that  of  its  original  accumulation,  and  named 
palagonite-tuff,t  would  seem  to  be  of  much  importance.  Ac- 
cording to  Professor  Bunsen  (of  Marbourg),  the  palagonite- 
tuff  of  Iceland  has  a  density  of  2*43,  and  contains  nearly 
17  per  cent,  of  combined  water.  The  following  is  the  com- 
position assigned  to  this  rock  by  him : — 

ffilica 37-947 

Sesqai-oxide  of  iron  .     •     •     .  14*751 

Alumina 11*619 

Lime 8*442 

Magnesia 5*813 

Potash 0-659 

Soda 0*628 

Water* 16*621 

Residoe 4*108^ 

*  Volcanic  islands,  p.  99.  Mr.  Darwiu  describes  this  tuff,  where  best  cha- 
racterized, as  '^  of  a  yellowish-brown  colour,  translucent,  and  with  a  lustre 
somewhat  resembling  resin;  it  is  brittle,  with  an  angular,  rough,  and  -very 
irregular  JPractnre,  sometimes,  however,  being  slightly  granular,  and  even 
obscurely  crystalline ;  it  can  easily  be  scratched  with  a  knife,  yet  some  points 
are  hard  enough  just  to  mark  common  glass ;  it  fuses  with  ease  into  a  blackish- 
green  glass.  The  mass  contains  numerous  broken  crystals  of  olivine  aod 
angite,  and  small  particles  of  black  and  brown  scoriie :  it  is  often  traversed  by 
thin  seams  of  calcareous  matter.  It  generally  effects  a  nodular  or  concre- 
tionary structure.  In  a  hard  specimen,  this  substance  would  certainly  be 
mistaken  for  a  pale  and  peculiar  variety  of  pitchstooe ;  but  when  seen  in  mass. 
Its  stratification,  and  the  numerous  layers  of  fragments  of  basalt,  both  angular 
and  rounded,  at  once  render  its  subaqueous  origin  evident." 

j  From  Palagonia,  in  Sicily,  where  a  similar  tuff  is  found. 

X  On  the  intimate  connexion  existing  between  the  pscudo- volcanic  phenomena 
of  Iceland : — A  Memoir  translated  by  Dr.  G.  £.  Day,  Chemical  Reports  and 
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It  will  be  obyious,  that  in  volcanic-tuff  accumulations  much 
will  depend,  as  respects  subsequent  modification  and  change, 
upon  any  foreign  matter  with  which  they  may  be  mixed,  so 
that  when,  as  beneath  water,  calcareous  matter  (often,  perhaps, 
derived  through  animal  life,)  as  well  as  clay  or  other  fine 
sediment,  not  directly  derived  from  volcanic  eruptions,  is 
mingled  with  them,  and  the  whole  is  heated  or  raised  above 
the  water,  effects  would  be  produced  not  precisely  corre- 
sponding with  those  where  the  modifying  action  has  been 
alone  exercised  upon  the  direct  products  of  volcanos.  Tufi 
of  this  kind  can  scarcely  but  be  often  formed,  and  their  exami- 
nation in  connexion  with  volcanos  now  in  action,  or  which, 
geologically  speaking,  have  recently  been  in  that  state,  will  be 
found  important  as  explaining  the  origin  of  certain  mixtures 
of  igneous  and  sedimentary  rocks,  even  amid  very  ancient 
deposits. 

In  regions,  such  as  Iceland,  where  volcanic  action  is  widely 
spread  amid  its  mineral  products  rising  above  the  level  of  the 
sea,  and  where  modifications  due  to  the  action  of  vapours  and 
gases  passing  through  lava  streauns,  cinders,  and  ashes,  may  be 
so  great,  there  would  appear  good  evidence  of  the  changes  to 
which  such  mineral  products  may  be  exposed.  Professor 
Bimsen  has  pointed  out  several  which  he  considers  to  be  now 
in  progress  in  Iceland.  ''  The  Icelandic  mineral  springs,"  he 
remarks,  '^  to  which  belong  all  the  systems  of  geysers  and 
suffiones,  are  distinguished  from  all  others  in  Europe  by 
the  proportionally  large  quantity  of  silica  which  they  contain ; 
and,  if  we  except  the  acidulous  springs  which  are  confined  to 
the  western  part  of  the  island,  the  so-called  beer-springs 
(plkilder)  of  the  natives,  we  may  divide  the  springs  of  Iceland 

Memoirs,  Works  of  the  Cavendisb  Society,  1848.    From  the  chemical  oompo- 
sition  noticed,  Professor  Bonsen  derives  the  formula  — 


Si  +  H. 
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into  two  main  groups,  according  to  their  chemical  properties, 
one  of  which  would  comprise  the  acid  and  the  other  the 
alkaline  silica  spnngs." 

Whether  the  water  of  these  springs  has  been  derired 
directly  from  the  atmosphere  by  means  of  rain,  or  melted  snow 
and  ice,  or  from  sea-water  finding  its  way  to  the  interior  of 
volcanos,  the  aqueous  vapours  thence  thrown  off  being  con- 
densed in  their  rise  upwards,  to  it  and  to  the  substances  with 
which  it  can  mingle,  we  have  to  refer  many  modifications 
which  evidently  take  place  in  the  mineral  matter  through 
which  it  passes.  The  experiments  instituted  on  this  subject 
and  the  conclusions  deduced  frt)m  them,  and  from  a  personal 
examination  of  the  springs  of  Iceland,  by  Professor  Bunsen, 
are  highly  valuable.  With  respect  to  the  action  of  pure 
heated  water  alone  for  some  hours  upon  the  palagonite-tuff 
above  noticed,  he  found  that  at  the  temperature  of  212^  Fahr. 
(100**  centigrade)  or  226*4  (108°  cent.,)  silicic  acid,  potash, 
and  soda,  were  dissolved.*  When  the  water  was  saturated  with 
carbonic  acid,  and  allowed  to  act  upon  pulverized  palagonite, 
all  the  constituents,  with  the  exception  of  alumina  and  oxide 
of  iron,  were  dissolved  in  the  form  of  bi-carbonates.t  When 
the  palagonite  was  heated  for  ten  hours,  in  water  saturated 
with  sulphuretted  hydrogen,  sulphide  of  iron  was  formed,  and 

*  Cayendish  Society*8  Works ;  Chemical  Reports  and  Memoirs,  1848, 
p.  364.  **  1,000  grammes  of  water  after  12  hours'  digestion  yield,  in  this  man- 
ner, a  Bolation  containing  the  foUowing  proportions : — 

Onunmes. 

Silica         ....        0-03716 
Soda  ....         0-00824 

Potash       ....        0- 00162 


Total         .         .        0-01702 


f 


f  '*  1,000  grammes  of  this  water,  after  foar  hours'  digestion,  yielded  the  fol> 

lowing  constituents : — 

Gramme*. 

Silica  ....  0-09544 

Bi^carbonate  of  lime  •         •  0*16893 

,,  magnesia     •  0*05333 

,,  soda    •         •  0*06299 

,,  potash  •  0*00189 


Total  .         .         0-38368 


t> 
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the  solution  contained  silica  and  the  sulphides  of  calcium'^ 
magnesium,  sodium,  and  potassium.*  Palagonite  was  found  to 
be  "  entirely  dissolved  in  hydrochloric  and  sulphurdus  acids, 
except  a  small  quantity  of  silica  left  as  a  residue."!  Thus 
many  and  great  modifications  and  changes  may  be  effected  in 
this  variety  of  volcanic  tuif ;  pointing  to  tbose  which  may 
take  place  in  other  volcanic  regions,  the  results  in  each  de- 
pending on  local  conditions. 

In  many  districts,  as  well  those  in  some  portions  of  which 
volcanic  action  is  now  well  exhibited,  as  in  tliose  where  it  is 
becoming  extinct,  as  far  as  respects  the  ejection  of  molten 
rock,  cinders,  and  ashes,  discharges  of  aqueous  vapours  are 
effected  ;  sometimes  alone,  at  others  accomi)anied  by  some  of 
the  usual  volcanic  gases. 


*  Tbe  solution  contained,  for  1,000  grammes:— 

Gninmes. 

• 

Silica 

0*1175 

Sulphide  of  calcium 

0-2748 

, ,           magnesium 

0*0727 

, ,           sodium 

0-0438 

,,           potassium  . 

6*0410 

Total  .        .         .        0*5498 

t  "  We  see,"  observes  Professor  Bunsen,  **ttom  the  relations  existing  among 
these  salts  themselves  (alluding  to  those  mentioned  in  the  text  and  previous 
notes,)  and  with  the  silica,  that  the  constituents  of  palagonite  take  very  differ- 
ent parts  in  the  decomposition  which  is  induced  by  hot  water,  carbonic  acid, 
and  sulphuretted  hydrogen  respectively  ;  whilst,  as  we  have  already  seen,  this 
mineral  is  entirely  dissolved  in  hydrochloric  and  sulphurous  acids,  except  a 
small  quantity  of  silica  left  as  a  residue.  The  alkaline  siliceous  springs,  in 
which  there  is  a  smaller  quantity  of  this  volcanic  gas,  assume,  oonsequenUy,  a 
very  different  character  from  the  waters  of  the  suffiones  ;  since  it  is  erident, 
that  the  compodtion  of  the  water  and  the  nature  of  the  argillaceous  deposits 
produced  from  these  actions,  must  stand  in  a  definite  relation  to  the  greater  or 
smaller  resistance  opposed  by  the  separate  constituents  of  palagonite  to  the 
action  of  the  weaker  volcanic  acids,  that  is  to  say,  to  the  water,  carbonic  acid, 
and  sulphuretted  hydrogen  gas."  .  .  .  .  "  When  the  alkaline  silicates, 
removed  by  the  heated  water  fW)m  the  palagonite,  are  brought  into  contact  with 
carbonic^  hydrochloric,  and  sulphuric  acids  (the  latter  of  which  is  formed  by 
the  oxidation  of  the  sulphurous  acid  through  the  oxide  of  iron  in  the  palago- 
nite), these  alkalies  must  be.converled  into  carbonates,  6u1phates,'and  chlorides, 
whilst  the  silicic  acid  remains  dissolved  in  the  alkaline  carbonates  and  in  the 
water,  and  is  partially  separated  from  them  by  evaporation,  as  siliceous  tuff,— 
a  ikct  already  observed  by  Black  in  1792.'* 
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Some  mention  has  already  been  made  (pp.  18  and  22,)  of 
hermal  or  warm  springs,  found  to  rise  as  well  in  regions  not 
marked  by  volcanic  action  on  the  surface  as  in  those  where 
that  action  is  now  apparent,  or  may  be  inferred  to  have 
existed  at  no  very  distant  geological  period.*  In  some 
volcanic  coimtries  the  various  modifications  under  which 
aqueous  vapour,  and  the  gases  connected  with  volcanic  action 
are  emitted,  can  be  well  studied.  The  observer  can  readily 
suppose  that,  while  in  the  great  eruptions  these  are  so  driven 
off  as  to  have  effected  little  combination  while  in  the  crater, 
minor  action  would  leave  sufficient  time  for  the  condensation 
of  the  aqueous  vapour  into  water,  and  the  combination  of  the 
latter  with  volcanic  gases,  the  whole  acting  upon  the  rocks 
through  which  it  has  to  pass,  abstracting  matter  from  them  as 
above  noticed. 

The  Solfatara,  near  Puzzuoli,  has  long  been  known  in  the 
volcanic  region  of  Naples,  from  the  emission  of  aqueous  vapour 
and  certain  gases,  manifesting  a  kind  of  subdued  volcanic 
action  unaccompanied  by  the  ejection  of  lava,  cinders,  or 
ashes. t  Dr.^  Daubeny  found  the  gas  evolved  to  be 
sulphuretted  hydrogen,  with  a  minute  portion  of  mtiriatic 
add.  "l  Solfataras,  or  modifications  of  them,  are  noticed  as 
existing  in  many  volcanic  regions  in   different  parts  of  the 


*  While  noticing  the  dispersion  of  hot  springs,  and  their  issne  from  aU  kinds 
of  rock,  Homboldt  (Kosmos)  mentions  that  the  hottest  permanent  springs  yet 
known  are  those  discovered  by  himself,  *'  at  a  distance  from  any  volcano— the 
*  Aqnas  calientes  de  las  Trincheras,'  in  Sonth  America,  between  Porto  Cabello 
and  New  Valencia ;  and  the  *  Aqoas  de  Comanzillas,'  in  the  Mexican  territory, 
near  Gnanaxuato."  The  first  of  these  has  a  temperature  of  97°  centigrade 
(206°  6'  Fahr.)>  according  to  M.  Bonssingault,  who  visited  this  spring  in  1823. 

t  An  ancient  lava  current,  of  a  traehytic  kind,  is  supposed  to  be  traceable 
fh>m  the  mountun  to  the  sea. 

I  **  Description  of  Volcauos,"  p.  211.  After  pointing  out  the  probable  effects 
of  the  two  gases  upon  the  trachyte  of  the  mountain,  the  sulphuretted  hydrogen 
uniting  with  the  bases  of  the  several  earths  and  alkalies,  and  its  consequent 
decomposition.  Dr.  Daubeny  accounts  for  the  absence  of  muriatic  compounds 
-with  these  bases,  by  noticing  that,  "  if  they  existed  they  would  be  immediately 
decomposed  by  the  sulphuric  acid  generated ;  and  that  muriatic  add  itself  is 
incapable  per  ae  of  decomposing  trachyte,  except  it  be  concentrated,  and  the 
rock  pounded,  as  shown  from  the  &ct  of  its  continuance  during  so  many  ages 
in  the  domite  of  Auvergne  in  a  free  condition." 
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world.  Professor  Bunsen  has  shown  the  connexioQ  of  the 
solfataras  of  Iceland  (the  Ndmar  of  the  Icelanders,)  with  the 
acid  springs  of  that  country.  He  remarks  that  they  *^  owe 
their  slight  acid  reaction  more  commonly  to  the  presence  of  a 
small  quantity  of  ammonia*alum,  or  soda,  and  potash-alum, 
than  to  their  inconsiderable  traces  of  free  sulphuric  or  muriatic 
acids."  * 

While  such  springs  in  Iceland  thus  illustrate  the  con- 
densation of  some  of  the  aqueous  vapours,  mixed  with  gases 
discharged  in  that  volcanic  region,  the  Geysers  also  well 
illustrate  that  of  the  aqueous  vapours  under  other  conditions. 
Allusion  has  been  previously  made  (p.  18)  to  those  long 
celebrated  discharges  of  steam  and  water,  the  Geysers,  and  to 
siliceous  deposits  from  them.  According  to  Professor  Bunsen, 
the  thermal  group  to  which  the  Geysers  belong,  occurs  south- 
ward from  the  highest  point  of  Hecla,  and  about  20  geogra- 
phical miles  from  it  Their  main  direction  is  about  N.  17^  £., 
'*  almost  parallel  with  the  chain  of  Hecla,  and  with  the  general 
direction  of  the  fissures.''  The  rock  beneath  the  incrustations 
of  the  springs  is  palagonite-tuff,  a  vein  of  clinkstone  running 
lengthwise  from  the  western  margin  of  the  springs.  The  fol- 
lowing are  analyses  by  Dr.  Sandberger  and  M  Damour,  of 
the  water  of  the  Great  Geyser : —  t 


*  Cavendish  Society  Works ;  Chemical  Memoirs  and  Reports,  1848,  p.  327. 

f  The  cause  assigned  by  Professor  Bunsen  for  the  alternate  states  of  repose 
and  activity  of  this  great  natural  fountain,  is  very  different  from  that  usually 
inferred.  By  very  careful  experiments  by  M.  Descloixeaux  and  himself,  it  was 
ascertained,  1.  **  That  the  temperature  of  the  column  of  the  Geyser  decreases 
f^om  below  upwards,  as  had  already  been  sh^wn  by  Lottin  and  Robert.  2. 
That,  setting  aside  small  disturbances,  the  temperature  goes  on  increanng  regu- 
larly at  all  points  of  the  column  from  the  time  of  the  last  eruption.  3.  That 
the  temperature  in  the  unmoved  column  of  water  did  not,  at  any  period  of  time 
up  to  a  few  minutes  before  the  great  eruption,  reach  the  boiling-point  that  cor- 
responds to  fhe  atmospheric  and  aqueous  pressure  at  the  point  of  observation ; 
and  4,  That  it  is  at  mid-height  in  the  funnel  of  the  Gkyser,  where  the 
temperature  approaches  nearest  to  the  boiling-point,  corresponding  to  the  pres- 
sure of  the  column  of  water,  and  that  it  approaches  nearest  to  this  point  in 
proportion  to  the  approximation  of  the  period  of  a  great  eruption."  Diagrams 
are  given  in  illustration,  and  indeed  are  almost  necessary  to  the  view  taken.  It 
may,  however,  be  stated,  that  there  is  a  constant  addition  of  heated  water  below 
in  the  tube  or  funnel,  and  an  evaporation  of  the  water  above,  and  that  the 
whole  is  in  such  a  condition  that  every  cause  that  tends  to  raise  this  column 
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Saudbwger. 

Damour. 

Silica 

0«5097     • 

.     0*5190 

Carbonate  of  soda 

0-1939     . 

.     0-2567 

Carbonate  of  ammonia 

0*0083     . 

•          •  • 

Snlpbate  of  soda  •     • 

0«1070     . 

.     0-1342 

Sulphate  of  potash     • 

0-0475     . 

.     0-O18O 

Sulphate  of  magnesia. 

0*0042     . 

.     0-0091 

Chloride  of  sodiom    . 

0-2521     . 

.     0*2379 

Snlphide  of  sodiam    . 

0-0088     . 

.     0-0088 

Carbonic  acid       .     . 

0-0557     . 

•     0-0468 

Water 

•  •          • 

.998-7695 

Not  only  do  the  vapours  and  gases  escaping  from  volcanic 
Tents  decompose,  under  variable  conditions,  the  rocks  through 

of  water  only  a  few  metres  would  bring  a  large  portion  of  it  into  a  state  of 
ebullition.  Vapour  is  generated,  and  it  is  calculated  that  an  excess  of 
1°  (centigrade)  over  the  corresponding  boiling-point  of  the  water,  "  is  im- 
mediately expended  in  the  formation  of  vapour,  generating  in  the  present  case 
a  stratum  of  vapour  nearly  equally  high  with  the  stratum  of  water  1  metre  in 
height.  By  this  diminution  in  the  superincumbent  water  a  new  and  deeper 
portion  of  the  column  of  water  is  raised  above  the  boiling-point ;  a  new  forma- 
tion of  vapour  then  takes  place,  which  again  occasions  a  shortening  in  the 
pressing  liquid  strata,  and  so  on,  until  the  boiling  has  descended  from  the 
middle  to  near  the  bottom  of  the  funnel  of  the  Geyser,  provided  alwajrs  that  no 
other  circumstances  have  more  speedUy  put  an  end  to  this  process." 

**  It  appears  from  these  considerations,  that  the  column  of  water  in  the  funnel 
of  the  Geyser  extending  to  a  certain  distance  below  the  middle,  is  suddenly 
brought  into  a  state  of  ebullition,  and  further,  as  may  be  shown  by  an  easy 
method  of  computation,  that  the  mechanical  force  developed  by  this  sud- 
denly-established process  of  vaporization  is  more  than  sufficient  to  raise  the 
huge  mass  of  the  waters  of  the  Geysers  to  that  astounding  elevation  which  im- 
parts so  grand  and  impoeing  a  character  to  these  beautiful  phenomena  of  erup- 
tion. The  amount  of  this  force  may  easily  be  ascertuned  by  calculating  from 
the  temperature  of  the  preceding  experiments  (those  above  alluded  to),  the 
known  latent  and  specific  heat  of  the  aqueous  vapour,  and  the  height  of  the 
column  of  vapour,  which  would  be  developed  by  the  ascent,  to  the  mouth  of  the 
Geyser,  of  a  section  of  the  column  of  water.  If  we  designate  the  height  of  such 
a  column  of  water  in  the  funnel  of  the  Geyser  by  h ;  its  mean  temperature 
expressed  in  centesimal  degreet  by  t ;  the  latent  heat  of  the  aqueous  vapour  by 
V ;  the  density  of  the  latter  compared  with  that  of  the  water  by  s ;  and  the  co- 
efficient of  the  expansion  of  the  vapour  by  d;  we  shall  find  that  the  excess  of 
heat  of  the  water  above  the  boiling-point  under  the  pressure  of  one  atmosphere 
IS  f  *  100.  But  the  height  A,  of  the  section  of  the  oolnnm  of  water,  which  at  the 
mouth  of  the  Geyser,  that  is  to  say,  under  the  pressure  of  one  atmosphere, 
would  be  converted  into  vapour  by  the  quantity  of  heat,  t  —  100,  would  be  to 
the  whole  height  of  the  water  column  A,  as  (t  -  100) :  v.    A  colmnn  of  water 

of  the  height ^  would  therefore  be  evaporated  at  the  mean  tempera- 
ture t,  if  the  water  were  under  the  pressure  of  one  atmosphere.     Hence  it 
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which  they  rise  or  against  which  they  may  be  driven  in  the 
atmosphere,  and  often  the  latter  extends  to  some  distance  from 
the  place  of  escape  (well  shown  in  the  esse  of  winds  prevailing 
in  particular  directions),  but  deposits  of  different  kinds  are 
effected,  thrown  down  from  the  waters  containing  them.  Pro- 
fessor Bunscn  has  carefully  investigated  the  well-known  siliceous 
deposits  from  the  Geysers  of  Iceland,  previously  noticed  (p.  18, 
note).  Referring  to  the  analysis  of  the  water  of  the  Great 
Geyser,  above  mentioned,  and  remarking  that  the  silica  is 
dissolved  in  the  water  by  alkaline  carbonates,  and  in  the  form 
of  a  hydrate,  he  observes  that  '^no  trace  of  silica  is  precipi- 
tated on  the  cooling  of  the  water,  and  it  is  only  after  the 
evaporation  of  the  latter  that  silica  is  deposited  in  the  form  of 
a  thin  film  on  the  moistened  sides  of  the  vessel  where  evapo- 
ration to  dryness  takes  place,  whilst  the  fluid  itself  is  not 
rendered  turbid  by  hydrated  silica  until  the  process  of  concen- 
tration is  far  advanced."  Professor  Bunsen  then  points  out, 
that  in  consequence  of  these  circumstances,  the  incrustations 
increase  in  proportion  as  the  surface  of  evaporation  expands 
with  the  spread  of  the  water.* 

directly  foUows,  that  the  height  H,  of  the  column  of  vapour  soaght  at  100^ 
(centigrade)  and.O*76  metre  (29*921  English  inches)  will  be 

hit"  100)  (1  -l-lOOd) 


H  = 


w  s 


On  applying  this  formula  to  the  yalae  of  the  numbers  found  by  obeerratioD, 
we  obtain  the  remarkable  result  that,  in  the  period  of  time  immediately 
preceding  an  eruption,  a  column  of  water  of  only  12  metres  (39  feet  4*442  in. 
English)  in  length,  which  projects  5  metres  (16  feet  4*851  inches  English)  to 
17  metres  (55  feet  9*294  inches  English)  above  the  base  of  the  tube,  generates 
for  the  diagonal  section  of  the  Greyser,  a  column  of  vapour  638*8  metres 
(2098  feet  2*245  inches  English)  in  height  (assumed  to  be  at  100^  centigrade, 
and  under  the  pressure  of  one  atmosphere),  this  column  being  developed  ooo- 
tinuously  from  the  upheaved  mass  of  water,  as  the  lower  strata  reach  the  mouth 
of  the  Geyser.  The  whole  column  of  the  Geyser,  reckoned  from  the  point 
where  the  temperature  amounts  to  100^  centigrade  down  to  the  base,  is  capable, 
according  to  a  calculation  of  this  kind,  of  generating  a  similar  column  of 
yapour,  1041  metrffs  (3415  English  feet)  in  height." — Bunsen,  On  the  intimate 
connection  existing  between  the  l^udo- Volcanic  Phenomena  of  Iceland ;  Works 
of  the  Cavendish  Sodety,  Chemical  Reports  and  Memoirs,  pp,  346—349. 
*  Chemical  Reports  and  Memoirs ;  Works  of  the  Cavendish  Society,  1848, 
.  344.  Professor  Bunsen  remarks,  that  the  peculiar  forms  of  the  Geysers 
»ult  ftvm  certain  conditions.  **  As/'  he  observes,  **  the  basin  of  the  spring  has 
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The  same  land  presents  us  with  other  deposits  from  waters 
and  gaseous  emanations,  of  importance  geologically,  as  showing 
some  of  the  modes  in  which  mineral  matter  may  be  accumu- 
lated or  disseminated.  Here  again  the  researches  of  Professor 
Bonsen  supply  us  with  valuable  information.  He  points  out 
that  the  acid  silica  springs,  besides  inconsiderable  traces  of 
hydrochloric  and  sulphurous  acids,  and  small  quantities  of 
ammonia-alum,  or  potash  and  soda-alum,  contain  **  sulphates 
and  chlorides  of  caleium,  magnesium,  sodium,  potassium,  and 
iron,  also  silica  and  sulphurous  acid,  or  in  the  place  of  the 
latter,  sulphuretted  hydrogen  gas.  They  are  especially  cha- 
racterised by  deposits  of  gypsum  and  sulphur.  Professor 
Bunsen  found  the  composition  of  the  water,  in  10,000  parts, 
taken  from  the  Reykjahlider  solfatara,  in  August,  1846,  to 
be: — 

Sulphate  of  lime 1*2712 

Sulphate  of  magnesia        1*0662 

Salphide  of  oxide  of  ammoniam  •     •     .  0*7333 

Salphate  of  almnina 0*3261 

Solphateofsoda 0*2674 

Sulphate  of  potash 0*1363 

Silioa 0*4171 

Alaminaf 0*0537 

Salphoretted  hydrogen 0*0820 

Water 9995*6467 

The  clay  and  gypsiferous  accumulations  resulting  from 
these  waters,  or  rather  from  the  general  action  of  their  con- 


po  part  in  this  inemstation,  it  becomes  conyerted  into  a  deep  tube  as  it  is 
gradoally  inclosed  by  a  hillock  of  siliceous  tuff»  combining,  when  it  baa 
reached  a  certun  height,  all  the  requirements  necessary  to  conyert  it  into  a 
Geyser.  If  such  a  tube  be  narrow,  and  be  filled  with  tolerable  rapidity  by  a 
column  of  water  stfongly  heated  from  below  by  the  yolcanic  soil,  a  continuous 
Geyser  must  necessarily  be  produced,  as  we  find  them  in  so  many  parts  of 
Iceland.  For  it  will  easily  be  understood  that  a  springs  which  originally 
did  not  possess  a  higher  temperature  at  its  month  than  that  which  would  cor- 
respond to  the  pressure  of  the  atmosphere,  may  easily*  when  it  has  been 
surmounted  by  a  tube,  formed  by  gradual  incrustation,  attain  at  its  base  a 
temperature  of  upwards  of  100  centigrade  (212°  Fahrenheit)  owing  to  the 
pressuro  of  the  fluid  resting  in  the  tube." 

t  It  is  remarked  respecting  the  alumina,  **  the  small  quantity  of  which 
brings  it  within  the  limits  of  the  errors  incidental  to  the  experiment,"  that  it 
may  haye  been  dissolved  in  excess  by  tiie  alum  of  the  water.— Chemical 
Beports  and  Memoirs,  1848,  p.  332. 


434  GYPSUM  DEPOSITS  OF  ICBLAND. 

stituent  parts  upon  the  rocks  traversed  by  them,  aod  upon 
each  other,  possess  much  interest.  The  palagonite-tuff  is 
decomposed,  and  clay,  often  variegated  in  colour,  is  deposited, 
and  sulphate  of  lime  is  also  formed.  The  gypsum  occurs  as 
isolated  crystals,  and  'Mn  connected  strata  and  floor-like  depo- 
sitions, which  not  unfrequently  project  as  small  rodss,  where 
the  loose  soil  has  been  carried  away  by  the  action  of  the  water. 
These  depositions  are  sometimes  sparry,  correspcmding  in  their 
exterior  very  perfectly  with  the  strata  of  gypsum  so  frequently 
met  with  in  the  marl  and  clay  formations  of  the  trias.''  *  In 
the  clay  deposits  from  the  Icelandic  fiimeroles  iron  pyrites  is 
found  in  small  crystals,  mentioned  by  Professor  Bunsen,  as 
"  often  very  beautifully  developed/'  The  sulphur  accumula- 
tions of  Iceland,  the  Professor  attributes  to  the  same  cause,  as 
Dr.  Daubeny  does  generally  (p.  375),  namely,  the  reciprocal 
reaction  of  sulphurous  acid  and  sulphuretted  hydrogen  gas. 

With  regard  to  the  presence  of  mtrogen,  ammonia,  and  their 
compounds,  so  frequently  observed  in  connexion  with  volcanic 
action,  opinions  seem  somewhat  divided ;  while  some  consider 
that  the  nitrogen  is  actually  evolved  from  the  craters  and  other 
volcanic  vents,  part,  perhaps,  of  the  air  disseminated  in  water 
finding  its  way  to  volcanic  foci,  others  infer  that  ammoniacal 
products,  found  in  connexion  with  volcanos,  have  had  a  dif- 
ferent origin.  Dr.  Daubeny,  treating,  of  volcanic  action, 
remarks : — "  Nor  is  the  access  of  atmospheric  air  to  volcanos 

*  BunseD,  Works  of  the  Cayendish  Society,  Chemical  Reports  aod  Memoirs, 
1848,  p.  336.  <*  Their  deposition,"  the  Professor  adds,  **is  owing  to  the  tuX 
that  has  not  hitherto  been  snffidently  regarded  in  the  explanation  of  geological 
phenomena,  tIz.  :— that  substances  crystallizing  from  solutions  are  more  readily 
deposited  on  a  surface  identical  with  their  own  (although  at  a  considerable  dis- 
tance from  the  limits  of  their  solubility),  than  on  substances  different  from 
themselves.  These  depositions  of  gypsum  increase,  therefore,  in  these  formic 
tions  in  the  same  manner  as  we  observe  small  crystals  to  enlarge  in  a  solation« 
without  any  deposit  being  formed  on  the  sides  of  the  vessel ;  much  salt  being 
removed  firom  the  solution  (not  by  a  change  of  temperature,  but  owing  to  the 
cohesive  force  emanating  from  the  crystal),  so  that  no  further  deposit  can  be 
made  on  the  particles  of  bodies  of  a  different  nature.  The  process  of  crystal- 
lization here  comes  within  the  domain  of  mechanical  forces,  since  it  causes,  by 
^he  expansive  growth  of  the  layers  of  gypsum,  the  upheaval  of  the  moistened 

lay  deposit,  or  compresses  it  towards  the  exterior,  as  the  first-named  masses 

icrease  in  quantity." 
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more  questionable  than  that  of  water ;  so  that  the  appearance 
of  hydrogen  united  with  sulphur,  and  of  nitrogen,  either  alone 
or  combined  with  hydrogen,  at  tlie  mouth  of  the  volcano,  seems 
a  direct  proof  that  oxygen  has  been  abstracted  by  some  process 
or  other  from  both/'*  On  the  other  hand,  Professor  Bunsen 
seems  disposed  to  consider  the  sublimations  of  muriate  of  am- 
monia as  due  to  the  overflow  of  vegetation  by  lava  currents,  at  the 
same  time  referring  to  nitrogen  and  its  compounds,  and  to  their 
being  scarcely  ever  absent  from  volcanic  exhalations,  adding 
that  **  they  undoubtedly  belong  originally  to  the  atmosphere, 
or  to  organic  nature,  their  occurrence  being  due  to  the  water 
which  holds  them  in  solution  and  conveys  them  from  the  air 
to  these  subterranean  depths."  f  If  we  assume  that  water  irom 
the  atmosphere,  or  sea  more  or  less  containing  air  (p.  166),  does 
find  a  passage  into  volcanos  or  their  foci,  it  may  not  be  im- 

*  Danbeny,  Transaetioiis  of  the  British  Anociation  for  the  Advancement 
of  Science,  toI.  t.,  for  1837,  and  Description  of  Volcanos,  2nd  edition,  1848, 
p.  655. 

t  Pseado-Volcanic  Phenomena  of  Iceland,  p.  330.  "  In  July,  1846,"  obserres 
Profenor  Boofien,  '*only  a  few  months  snhseqaent  to  the  eruption  of  the 
▼olcano  (Heda),  when  I  was  sojourning  in  that  district,  the  lower  portion  of  the 
lara  stream  appeared  studded  over  with  smoking  ftimeroles,  in  which  so  large 
a  qnantity  of  beaatifnlly-crystallized  muriate  of  ammonia  was  undergoing  a 
process  cKf  subUmatioo,  that,  notwithstanding  the  incessant  torrents  of  rain, 
hundreds  of  pounds  of  this  valuable  salt  might  have  been  collected.  On  sur- 
veying the  stream  from  the  summit  of  Hecla,  it  was  ea^y  to  perceive  that  the 
formation  of  muriate  of  ammonia  was  limited  to  the  zone  in  which  meadow 
lands  were  overflowed  by  the  lava.  Higher  up,  where  even  the  last  traces  of 
a  stunted  cryptogamic  vegetation  disappear,  the  formation  of  this  salt  likewise 
ceased.  The  large  fumeroles  of  the  back  of  the  crater,  and  even  of  the  four 
new  craters,  yielded  only  sulphur,  muriatic  and  sulphuric  acids,  without  exhi- 
biting the  slightest  trace  of  ammontacal  products.  When  we  consider  that, 
according  to  Boussingault,  an  acre  of  meadow  land  contains  as  much  as  32 
pounds  of  nitrogen,  corresponding  to  about  122  pounds  of  muriate  of  ammonia, 
we  shall  hardly  be  disposed  to  ascribe  these  nitrogenous  products  of  sublimation 
in  the  lava  currents  to  any  other  circumstance  than  the  vegetation  which  has 
been  destroyed  by  the  action  of  the  fire.  The  frequent  occurrence  in  Southern 
Italy  of  tuff  decomposed  by  acid  vapours  containing  muriate  of  ammonia, 
likewise  confirms  the  hypothesis  regarding  the  atmospheric  origin  of  this  salt. 
For  the  same  body  of  air  which  can  annually  convey  to  a  piece  of  meadow 
land  a  quantity  of  ammonia  corresponding  to  these  large  nitrogenous  contents, 
must  at  least  be  capable  of  depositing  an  equal  quantity  of  alkali  on  tuff-beds 
satorated  by  acid  water ;  which  may  be  actually  observed  in  some  rare  instances 
both  in  Southern  Italy  and  Sicily." 

2p2 
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probable  that  both  causes  can  contribute  to  the  efiects  re- 
corded. 

Tlie  obserrer  will  have  seen  that  volcanic  products  are,  as  a 
mass,  easily  melted,  notwithstanding  that  during  times  where 
the  particles  of  matter  could  freely  adjust  themselves  in  a 
definite  manner,  certain  mineral  bodies  were  formed  of  a  less 
fusible  character,  and  that  from  the  decomposition  of  ejected 
lava,  cinders,  and  ashes,  certain  other  substances  are  produced, 
such  as  siliceous  and  purer  argillaceous  deposits  of  a  more 
refractory  kind.  Looking,^  however,  at  the  mass  of  matter,  it 
continues  readily  fusible,  whether  partaking  of  the  trachytic 
or  doleritic  character,  or  of  a  mixture  of  both.  It  will  readily 
strike  him  that  sheets  of  trachytic  or  doloritic  tuff  could  be 
easily  acted  on  by  heat,  so  that  even  altered  as  they  may  have 
been  previously,  a  considerable  area,  if  a  sufficiently  elevated 
temperature  could  be  applied  to  it,  would  begin  to  yield, 
rifflng  upwards  if  any  elevatory  force  were  acting  from 
beneath,  and  that,  finally,  a  fracture  would  be  effected,  so  far 
as  any  sufficient  coherence  of  parts  remained,  where  the  resist- 
ance became  unequal  to  the  force  employed. 

That  volcanic  action  does  work  through  points,  however  these 
may  be  complicated,  as  from  time  to  time  changed,  volcanic 
craters  show,  and  that  it  has  at  least  sometimes  continued 
to  find  vent  through  the  same  points,  or  thereabouts,  for  long 
periods,  is  not  only  attested  by  volcanos  which  have  been 
observed  during  the  historic  period,  but  also  by  those  to  the 
products  of  which,  intermingled  with  other  accumulations, 
geological  dates  may  be  assigned. 

That  the  temperature  of  volcanos  may  even  change 
externally,  so  that  snows  reposing  upon  them  at  one  time  are 
suddenly  melted  from  them  at  another,  we  have  evidence  both 
in  high  northern  latitudes  (Iceland)  and  in  the  warm  regions 
(Catopaxi).  Volcanic  products  being,  like  rocks  generally, 
bad  conductors  of  heat,  these  changes  are  sufficient  to  show 
the  variable  amount  of  temperature  to  which  portions,  at  least, 
of  volcanic  mountains  may  be  exposed  from  changes  in  the 
onditions  to  which  it  may  be  due.    That  the  layers  and 

riably-shaped  masses  of  substances  composing  volcanos,  no 
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matter  bow  accumulated,  have  been  exposed  to  tenuon  and 
sabsequeut  fracture,  is  proved  b;  tbe  rentB  in  them  which 
have  been  filled  by  molten  matter.  In  tbe  view  beneath, 
(fig.  126,)  ID  the  Val  del  Bore,  Etna,**  exhibiting  the  now 
Pig.  126. 


hard  lava  protrading,  from  that  weathering  wbicb  tbe  whole 
has  experienced  from  atmospheric  influences,  we  see  that  Uie 
origiDsl  Tolume  of  the  previously  deposited  volcanic  products 
has  been  iocreased  by  tbe  amount  of  the  molten  matter  so  in- 
troduced.  Tbe  following  section  (fig.  127),  showing  the 
Pif.  laT. 


same    thing,    is   not  unfrequent  amid  volcanic    craters   and 
ravines.     In  it,  e  _/*  represent  a  thickness  of  volcanic  tuff  or 

•  Taken  from  Dr.  Atnch't "  Viewt  of  ToDviiu  *iid  Etna." 
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lava  layere,  traversed  by  dykes  (as  tliey  are  termed),  ab  e  d,  of  ^ 
lava  which  has  entered  fissiiree  made  by  the  rupture  of  the 
beds  e/,  the  force  acting  from  beneaUi,  bo  that  while,  for  the 
length  seen,  some  fissures  have  th«r  walls  equidistant  from  the 
top  to  the  bottom  of  the  section,  at  a  and  c  the;  diminish 
upwards.  Id  all  these  cases,  the  layers  or  beds  are  not  dis* 
turbed  further  than  by  fracture,  those  on  either  tdde  of  the 
dykes  preserving  their  continuous  lines  of  ori^nal  aecumu- 
lation.  Thb  need  not  always  be  the  case,  as  will  be  readily 
inferred,  since  after  a  fracture  is  made,  should  the  liquid  or 
viscous  lava  rise  with  much  force  from  considerable  presanre  of 
a  column  of  molten  rock  with  which  it  may  be  connected,  with 
a  comparative  cooling  of  the  upper  part  of  the  lava  as  it  rose, 
increasing  the  solidification  of  the  particles,  the  u^>er  layers 
of  tuff  or  lava  broken  through  may  be  heaved  upwards  by  the 
friction  of  the  uprising  lava,  this  even  overflowing,  as  appears 
to  be  frequently  the  case.  Of  tliis  kind  tbe  section  beneath, 
(fig.  128,)  taken  from  a  view  by  Dr.  Abicb,  of  a  dyke 
expooed  by  tbe  fall  of  part  of  the  crater  of  Vesuvius,  is  pro> 
bably  an  instance. 

Fig.  iss. 


The  observer  has  next  to  consider  tbe  magnitude  and  direc- 
tion of  these  fissures.  Perhaps  volcanic  islands,  such  as  tlioee 
in  the  Atlantic  and  Padfic,  are  as  &voarable  situations  for 
studying  volcanic  fissures  as  are  to  be  found,  not,  however,  that 
great  facilities  do  not  present  themselves  elsewhere.*     The 

*  Rcipecliug  the  HswsiiaD  group,  Mr.  DwM,  (GMlog;  oftba  United  Stata' 
ploring  Expedition,  p.  ass,)  latere;— 1.  That  tbete  were m  man^  Mpuate 
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rent  or  series  of  rents  which  traversed  the  side  of  Mauna  Loa, 
daring  the  ejection  of  lava  in  1843,  is  not  only  remarkable  for 
its  length,  25  miles,  but  also  for  the  comparatively  tranquil 
manner  in  which  it  was  effected,  the  inhabitants  not  ^ing 
aware  of  ita  formation  by  any  earthquake  motion,  but  from 
finding  a  torrent  of  liquid  lava  poured  out.*  A  fissure  so  pro- 
duced would  seem  to  point  to  much  softening  of  the  subjacent 
rocks,  so  that  when  fractures  were  produced,  though  25  miles 
in  length,  comparatively  littie  resistance,  from  cohesion, 
remained  in  the  rocks.  From  an  examination  of  Maui 
(Hawaiian  group),  Mr.  Dana  infers  that  at  its  last  eruption,  a 
huge  segment  of  that  volcano  must  have  been  broken  off,  by 
which  two  great  valleys  were  formed,  (one  two  miles  wide,) 
through  which  great  opening  the  lavas  were  poured  out.f 
Here  would  appear  to  have  been  far  greater  resistance  and  a 
more  sudden  overpowering  of  it  by  the  force  exerted.  Accord- 
ing to  the  accounts  given,  Jorullo  was  the  result  of  an  uprise 
of  ground,  finally  traversed  by  a  fissure  (p.  400).  With 
respect  to  fissures  traversing  active  volcanos  from  which  lava 
has  issued,  there  is  abundant  evidence.  The  great  outflow  of 
lava  from  Skaptar-jokull,  in  1783  (p.  397),  was  from  fissures 
at  the  base  of  the  mountain.  Great  fissures  have  been  made 
in  Etna,  and  the  numerous  subordinate  craters  seem  little  else 
than  points  in  those  formed  at  various  times  through  which 
volcanic  matter  has  been  ejected.  X    Respecting  the  fissures  on 


TCBts  or  ftanireB  in  tbe  origiii  of  the  Hamuian  Islands  as  there  are  islaiidB.  S. 
That  each  rent  was  widest  in  the  south-east  portion.  8.  That  the  south-eastern- 
most  rent  was  the  largest,  the  fires  continuing  there  longest  to  burn.  4.  That 
the  correct  order  of  extinction  of  the  great  Toleanos  is  nearly  as  follows  (leaying 
out  Molokai  and  Lsnai,  which  were  not  visited  by  Mr.  Dana)— a,  Kauai ;  fr. 
Western  Oabn*,  c.  Western  Maui,  Mount  Eeka;  d.  Eastern  Oahu;  e.  North- 
western Hawaii,  Mauna  Kea ;  /,  South-east  Maui,  Mount  Hale-a-Kala ;  and  g, 
South-east  Hawui,  Mauna  Loa.  **  This  order,"  he  observes, "  is  shown  by  the 
extent  of  the  degradation  on  the  surfieuie*  Each  successive  year,  since  the  finish- 
ing of  the  mountain,  has  carried  on  this  work  of  degradation,  and  the  amount  of 
it  is,  therefore,  a  marie  of  time,  and  affords  evidence  of  the  most  dedsive  cha- 
racter." (p.  288.) 

*  Dana,  «  Geology  of  the  United  States'  Exploring  Expedition,"  p.  217. 

t  Ibid,  p.  259. 

2  It  is  stated  that  there  are  52  of  these  subordinate  volcanic  hills  on  the  west 
and  north  of  the  summit  of  Etna,  and  27  on  the  east  nde ;  "  some  covered  with 
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Etna,  M.  fiCe  de  Beaumont  remarks^  that  they  occur  for  the 
most  part  in  nearly  vertical  planes,  often  so  cutting  the  crater* 
as  it  were,  to  star  it,  the  lower  part  of  the  fissures  usually  filled 
with  lava,  the  higher  with  scoriae,  and  with  pieces  of  tuff  and 
lava  fallen  from  the  upper  part.  He  mentions  that  the  fissure 
formed  in  1 832,  was  so  far  a  shift,  or  fault,  that  one  of  the  sides 
of  the  dislocation  rose  about  a  yard  higher  than  the  other.* 
The  great  fissure,  which  in  1669  traversed  the  slope  of  the 
great  gibbosity  of  Etna  and  the  Piano  del  Largo,  is  described 
as  having  ranged  from  near  Nicolosi  to  beyond  the  Torre  del 
Filosofo,  and  to  have  been  about  two  yards  wide  at  the  sur- 
face, a  livid  light  being  emitted  from  the  incandescent  lava 
rising  in  it.f  An  observer  should  carefully  ascertain  the 
directions  of  such  rents  or  fissures,  whether  large  or  small,  and 
always  with  reference  to  the  complication  which  may  arise 
from  variable  resistances,  even  in  the  prolongation  of  the  same 
fissures,  to  the  force  employed,  seeing  especially  if  the  greater 
fractures  have  continued  to  preserve  any  definite  directions  at 
different  intervals  of  time. 

M .  Elie  de  Beaumont  has  called  attention  to  the  fact  that 
these  fractures  so  often  starring  Etna,  and  mto  which  the 
molten  lava  is  introduced,  there  hardening  and  remaining,  must 
produce  a  tumefaction  or  elevation  of  the  whole,  each  eruption 
of  the  mountain,  so  characterized,  having  a  tendency  to  elevate 
the  mass  of  the  volcano.}  The  same  reasoning  is  applicable 
to  all  volcanos  rent  and  fissured  in  a  similar  manner,  and  the 
abundance  of  the  resulting  dykes  of  lava  is  oflien  a  prevailing 
feature  in  many.  They  are  sometimes  interlaced  so  as  to 
show  differences  in  date,  those  of  one  time  cutting  those  of 
another,  exhibiting  proofr  of  repeated  fractures  through  the 
same  general  mass  of  volcanic  matter. 

vegetation,  others  bare  and  arid,  their  relatiye  antiqaity  being  probably  denoted 
by  the  progreM  vegetation  has  nuule  upon  their  snr&ce."— Danbeny,  Volcanos, 
2nd  edition,  p.  272. 

*  Recherches  sur  la  Stmctnre  et  anr  TOrigine  da  Mont  Etna,  par  M.  L.  Slie 
de  Beanmont;  "M^moires  pour  servir  a  one  Description  G^ologiqne  de  la 
France,"  1838,  t.  iv.,  p.  111. 

f  Ibid.,  p.  108. 

I  **  M^moires  poor  servir  a  ane  Description  G^logi<tae  de  la  France,"  t.  iv., 

118. 
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In  examining  some  Tolcanic  regions,  the  observer  will  have  to 
consider,  as  above  noticed  (p.  873),  the  probable  di&rences 
which  would  arise  in  the  structure  and  arrangement  of  the 
accumulations  from  a  part  or  the  whole  of  them  having 
been  produced  beneath  water.  At  considerable  depths  in  the 
ocean,  beyond  those  at  which  an  equal  temperature  of  SO'^'S 
(p.  Ill),  would  appear  to  prevail,  not  only  the  pressure  but 
also  the  constancy  of  that  temperature  and  the  mass  of  water 
possessing  it  have  to  be  borne  in  mind.  Assuming  a  com- 
munication made,  whether  by  an  elevation  of  the  sea-bottom 
andtiie  bursting  of  a  tumefaction  formed  by  forces  acting  from 
beneath,  or  by  one  of  those  adjustments  of  the  earth's  surface 
by  which  more  or  less  considerable  fractures  are  produced,  he 
will  have  to  recollect  that  a  great  volume  of  water,  with  a  low 
temperature,  would  be  at  once  brought  to  bear  upon  it,  and 
that  not  only  are  the  usual  volcanic  gases  absorbed  by  water, 
but  that  the  very  pressure  itself  might  tend  to  drive  them  into 
the  liquid  state.'*'  It  would  be  out  of  place  here  to  enter  into 
the  probable  effects  produced  under  such  conditions,  further 
than  to  notice  that,  supposing  the  communication  made,  and 
the  elevatory  force  sufficient  to  lift  a  body  of  molten  lava,  so 
that  it  could  pass  out  of  the  voleanic  orifice  or  crack,  the 
observer  has  to  consider  the  effects  which  would  follow.  How- 
ever any  intense  heat  might  permit  the  existence  of  the  vapours 
and  gases  observed  at  subaerial  volcanos,  before  the  rupture 
was  efiected,  as  soon  as  the  water  came  into  contact  with  tiiem, 
a  ready  supply  of  that  at  39'*  5  pouring  in,  the  more  heated 
water  ascending,  as  so  heated,  they  would  disappear  as  they 
rose.  If  disseminated  amid  the  lava  thrown  out,  the  great 
pressure  upon  the  latter  would  produce  its  effects  upon  them, 
while  the  low  temperature  would  soon  act  on  the  external 
liquidity  of  the  lava  itself. 

From  such  a  state  of  tilings  to  the  minor  depths  and  surface 


*  Dr.  Faraday  has  shown  (Philosophical  TransacdoDS,  1823 J  that  sul- 
phurous add  gas  beeomes  liquid  under  the  pressure  of  two  atmosph<^es,  at  a 
temperature  of  45<^  Fahr. ;  sulphuretted  hydrogen  under  that  of  17  atmospheres 
at  50^ ;  earbonic  acid  under  36  atmospheres,  at  33^ ;  and  hydrochloric  acid 
gas  under  40  atmospheres  at  5Q^. 
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of  the  water,  great  modifications  would  be  expected^  solid  lava, 
(sujqming  the  struggle  between  the  forces  brou^t  into  action 
to  be  such,  as  on  the  whole,  to  pejrmit  a  gain  on  the  side  of 
the  volcanic  products,)  probably  prevailing  beneath,  while  there 
was  an  admixture  of  more  scoriaceous  matter  above,  as  the 
accumulations  rose  into  the  atmosphere.  The  whole  mass 
would  be  liable  at  all  times  to  be  cracked  and  fissured,  molten 
lava  rising  into  the  rents  according  to  the  pressure  of  the  time 
upon  it,  and  the  tume&ction  mentioned  by  M.  £lie  de  Beau- 
mont progressing. 

The  extent  to  which  sheets  of  matter  could  be  qpread  in 
various  directions  and  at  different  times  around  submarine 
volcanic  vents,  would  necessarily  depend  upon  curcumstances ; 
among  them,  the  absence  of  piles  of  cinders  and  ashes  into 
cones,  such  as  are  formed  by  the  disdiarge  of  vapours  and 
gases  throuf^  lava  into  the  atmosphere,  being  important,  so 
that  when  fissures  were  produced  molten  matter  flowed  more 
freely  out,  in  the  manner,  so  far  as  liquidity  and  the  absence 
of  cinders  and  ashes  are  r^arded,  of  the  streams  which  poured 
out  on  the  flanks  of  Mauna  Loa,  in  1843. 

It  has  been  seen  that  volcanic  vents  may  remain  for  a  long 
time  dormant  or  dosed,  and  then  lava,  cinders,  and  ashes  be 
driven  out  of  them.  The  probable  dififerences  which  would 
arise  in  sudi  cases  with  volcanic  accumulations  beneadi  the 
sea  and  those  above  its  level,  require  attention.  It  may  be 
inferred  that,  beneath  given  depths  of  water,  though  a  ti&BA&Ky 
to  greater  thickness  should  prevail,  where  the  rents  have  beea 
more  frequent,  and  tiie  lavas  have  more  fi^uentiy  been  tlvown 
out,  there  may  be  such  a  mechanical  resistance  to  the  new 
application  of  an  elevatory  force,  that  an  increase  of  heat  may 
soften  and  even  melt  some  of  the  prior-formed  accumulations, 
for  the  most  part  readily  fusible.  Thus  a  dome-ehaped  mass 
may  be  raised,  not  finally  splitting,  in  given  localities,  at  its 
sudhce,  until  even  above  water,  and  the  quiet  cracking  of 
Mauna  Loa  for  the  length  of  25  miles,  would  appear  to 
show  }ffi  that  conditions  may  arise,  even  in  subaerial  volcanos, 
"permitting  the  heating  and  softening  of  a  volcanic  crust  to 
ithin  comparatively  moderate  distances  from  that  crust 
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That  such  dome-like  elevations  of  volcanic  products  have 
been  formed,  M.M.  Von  Buch,  ^lie  de  Beaumont,  Dufrenoy, 
and  others  consider  they  have  sufficient  proof.  Some  notice 
has  been  above  given  (p.  368),  of  the  equivocal  appearances 
which  may  be  presented  by  the  "  craters  of  elevation  "  and  the 
^^  craters  of  eruption/'  The  Caldera,  in  the  Island  Palma, 
Canaries,  is  adduced  by  Von  Buch  as  a  good  example  of 
the  ^*  craters  of  elevation."  A  large  predpitous  cavity  or 
crater  is  there  surrounded  by  beds  of  basalt  and  conglomerate, 
composed  of  basaltic  firagments,  dipping  regolarly  outwards, 
and  is  broken  only  by  a  deep  gorge  on  one  side,  through  which 
access  can  be  obtained  to  this  central  cavity.  White  trachyte, 
and  a  compound  of  hornblende  and  white  felspar,  are  also 
noticed  among  these  rocks.  There  being  no  mixture  of  scoriae 
or  ashes,  and  the  beds  of  molten  rock  as  well  as  the  conglo- 
merate presentiiig  an  uniform  stratification,  it  is  inferred  that 
the  whole  was  formed  under  diffisrent  circumstances,  such  as 
beneath  water,  from  the  ordinary  eruptive  accumulations  of  a 
Tolcano,  and  had  been  upraised  in  a  dome-like  manner,  until 
finally  the  rupture  was  eflected,  and  the  least  resistance  being 
in  one  direction,  the  lateral  gorge  was  produced,  the  whole 
presenting  the  appearance  of  the  pear-shaped  termination  of 
the  fissures  in  figs.  115  and  116. 

M.  £lie  de  Beaumont  has  ^ven  a  valuable  description  of 
Etna,  illustrating  the  same  views.*  The  Val  del  Bove  shows 
an  accumulation  of  many  hundred  layers  of  fused  rocks,  some- 
what resembling  the  modem  lavas  of  this  mountain,  inter- 
stratified  with  others  composed  of  fragmentary  and  pulverulent 
substances,  the  beds  varying  in  thickness  from  half  a  yard  to 
several  yards,  those  of  fused  rock  commonly  thinner  than  the 
fragmentary  deposits.  The  surfaces  of  the  former  ai«  rough, 
and  their  outer  part  is  penetrated  by  cells  to  the  depth  of  8 

*  **  M^moires  pour  serrir  a  ane  Description  G^logiqae  de  la  France/*  torn.  it. 
According  to  M.  Aie  de  Beaumont  the  order  of  the  Etna  formations  is  as 
follows : — 1.  Granitoid  rocks,  known  only  by  ejected  fragments.  8.  Calcareoos 
and  arenaceoos  rocks.  3.  Basaltoid  rocks.  4.  Rolled  pebbles,  forming  a  line 
of  hills  at  the  junction  of  the  Plain  of  Catania  and  the  first  slopes  of  Etna. 
5.  Ancient  lavas,  forming  the  escarpments  round  the  Val  del  Bore ;  and  6.  Mo- 
dem eruptions  (p.  53). 
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or  12  inches ;  whence  beds  only  20  inches  or  2  feet  thick  are 
cellular  throughout  The  thicker  beds  are  solid  in  the  middle 
and  resemble  certain  trachytes,  labradorite  replacing  orthodase. 
The  fragmentary  beds  are  true  tufl&».  their  structure  similar  to 
those  found  in  the  Cantal  and  Mont  Dore,  the  component 
fragments  composed  of  the  same  substances  as  the  fused  beds, 
sometimes  scoriaoeous,  at  others  compact.  The  beds  of  the 
Val  del  Bove  undulate  in  different  directions,  varying  from 
horizontality  to  inclinations  of  20^  and  30^  without  their  struc- 
ture or  thickness  being  altered  in  a  constant  manner.  They 
are  traversed  by  a  multitude  of  lava  dykes,  the  rock  of  which 
is  of  the  same  kind  as  that  of  the  fused  beds.  Though  these 
take  various  directions,  it  is  considered  that  there  is  a  tendency 
on  the  whole  to  one  ranging  E.N.E. 

The  general  form  of  Etna  will  be  seen  from  the  accom- 
panying view  (fig.  129)  taken  from  one  of  those  in  the  atlas  of 
M.  von  Walterhausen.*  By  it  the  very  slight  rise  of  the 
general  mass  to  the  central  crater  will  be  observed,  as  also  the 
great  break  in  front,  known  as  the  Val  del  Bove,  where  the 
more  ancient  volcanic  accumulations  are  considered  to  be  ex- 
posed. While  this  view  may  thus  be  useful  in  showing  the 
general  outline  of  the  mountain,  so  far  as  views  embracing 
considerable  areas  may  do  so,  the  anneled  section  from  west 
to  east  (fig.  130),t  will  more  correctly  pve  the  real  shape  of 
£tna>  taken  through  the  Val  del  Bove,  therefi^re  somewhat 
across  the  outline  represented  in  the  view,  and  exhibit  the 
steep  descent  through  the  cli£b  of  that  great  break  or  de- 
pression on  the  flank  of  the  mountain. 

M.  £)lie  de  Beaumont  quotes  M.  Mario  Gemellaro  as  point- 
ing out  that  the  central  mass  of  Etna  is  composed  of  two  cones 
passing  into  each  other ;  one,  interior,  formed  of  ancient  vol- 
canic products,  the  other,  exterior,  formed  of  modem  accumu- 
lations. These  two  cones  are  upon  the  same  axis,  the  ancient 
nearly  east  from  the  modem  cone,  whence  they  do  not  com- 

*  Maps  and  Views  of  Etna. 

t  Taken  fW>m  Dr.  Abich's  "  Erlaaternde  Abbildangen  Geologischer  Erschei- 
nungen  beobachet  am  Vesay  and  Aetna,"  pi.  9,  Berlin,  1837.  In  this  section,  the 
scale  fbr  height  and  distance  is  the  same. 
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pletely  embrace  each  other,  the  modem  not  altogether  coyering 
the  ancient,  and  the  products  of  the  latter  being  eiEposed  on  the 
eastern  side  of  the  mountain,  especially  in  the  Val  del  Bove.* 
This  considerable  and  sudden  gap  in  Etna,  M.  lllie  de  Beau- 
mont agrees  with  Sir  Charles  Lyell  f  in  referring  to  a  great  sub- 
sidence of  that  part  of  the  mountain,  in  the  same  manner  as  the 
much  larger  volcanic  mass  of  the  Papandayang  fell  in  at  Java 
in  1772,  and  that  of  Carguairazo  subsided  on  the  19th  of  July, 
1 698  ;  a  volcano  considered  previously  to  have  rivalled  its  neigh- 
bour Chimborazo  in  height.  M.  £lie  de  Beaumont  refers  to  the 
poasibility  of  the  lava  which  lifted  the  ancient  mass  of  £tna 
having  been  abstracted,  so  that  the  needful  previous  support  of 
the  portion  now  occupied  by  the  Val  del  Bove  being  re- 
moved, depresrion  was  the  result.  He  considers  Etna  to  have 
been  an  irregular  crater  of  elevation,  the  uplifting  force  not 
having  there  acted  in  the  same  simple  manner  as  at  the  Isle  of 
Palma,  Teneriffe,  and  Monte  Somma  (yesuvius)4  M.  £lie 
de  Beaumont  infers  that  the  first-formed  deposits  were  nearly 
horizontal,  successive  fissures  presenting  channels  for  the  out-' 
pouring  of  very  fluid  lava  which  spread  round  in  various  direc- 
^ons,  in  the  manner  that  sheets  of  basalt  are  seen  to  have  done 
in  many  countries,  and  especially  in  Iceland,  cmders  being  ako 
ejected,  so  as  to  alternate  with  the  fluid  rock.  Upon  the  ac- 
cumulations thus  produced,  the  elevatory  force  is  considered 
to  have  acted  in  the  manner  described. 

In  like  manner,   the  part  of  Vesuvius  known  as  Monte 
Somma  has  been  inferred  to  be  the  remains  of  a  crater  of 


*  "  M^moires  poor  senrir  a  one  Description  G^logique  de  Fnnee,"  t  iv., 
p.  124. 

t  **  Prindples  of  Geology,"  4th  edition. 

{  **  Mtooires  pour  seryir  a  one  Description  G^logiqne  de  France,"  t  iv^ 
p.  188.  M.  tlM  de  Beaumont  farther  obserree,  that  **  the  finroe  which  raised 
the  gibbosity  of  Etna  appears  to  have  acted  not  on  a  single  and  central  points 
bat  in  a  strai^t  line,  represented  by  the  axis  of  the  ellipse,  of  which  te 
soathem,  northern,  and  eastern  flanks  of  the  Val  del  Bore  form  a  part ;  and  it 
seems  to  have  acted  oneqaaUy  on  the  different  parts  of  this  straight  line,  so  that 
its  western  extremity,  answering  to  the  actual  volcanic  vent,  has  been  more 
raised  than  the  rest  An  elevation  of  this  kind  coald  not  be  prodnced  without 
the  upraised  msisfs  being  broken,  and  the  rents  ought  chiefly  to  coincide  with 
the  line  of  elevation,  or  diverge,  radiating,  from  its  extremities.' 


ti 
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elevation,  which  has  beea  broken  through,  bo  that  it  became  in 
a  great  measure  covered  by  the  eruptions  of  more  modem 
times,  those  chiefly  which  followed  the  great  outbreak  of  79. 
The  section*  (fig.  131)  will  serve  to  show  the  general  outline 
of  tliis  volcano,  as  well  as  the  portion  of  the  cone  (Monte 
Somma)  which  existed  prior  to  that  eruption.  After  de- 
scribing the  volcanic  tuff  of  the  environs  of  Naples^  showing 
that  it  is  composed  almost  entirely  of  the  debris  of  trachyte, 
the  greater  portion  of  the  fragments  contained  in  it  pumice,  that 
it  was  in  part,  at  least,  fossiliferous,t  and  inferring  that  it  was 
arranged  in  beds  under  water,:^  M.  Dufrenoy  observes  that  the 
tiiff  >)f  Monte  Somma  is  the  continuation  of  the  same  accumu- 
lations, and  quotes  M.  Pilla  as  having  discovered  fossil  shells 
in  it.§  He  points  out  that  among  the  limestone  firagments 
in  the  tuff  of  Monte  Somma  some  are  covered  by  small 
serpuke  of  the  same  species  as  those  which  adhere  to  the  rocks 
on  the  coast  of  Scilly,  and  tiiat  tliese  fossils  not  being  in  the 
least  altered,  they  prove,  even  more  than  the  general  disposi- 
tion of  the  tuff>  that  it  has  been  formed  beneath  water,  and  sub- 
sequently raised  to  its  present  height  on  the  Monte  Somma. 
This  tuff,  with  its  fragments  or  pebbles  of  limestone  (commonly 


*  From  Abich'f  '*  Erlaatemde  Abbildangen  Geologischer  EncheinoiigeD 
beobachtet  am  VesaT  und  Aetna,"  pi  9.  Beriin,  1887.  The  scale  for  this  sectioo 
is  the  tame  for  height  and  distance,  but  it  difBers  from  that  of  die  sectei  of 
Etna  on  the  same  page. 

t  M.  DafMnoy  (M^moires  pour  senrir  a  une  Description  G^logiqne  de  la 
France,  t  W»  p.  240)  adds  to  the  evidence  of  Mr.  Poidett  Scrope,  who  pointed 
oat  (Geol.  Transactions,  2nd  series,  toI  ii.,  p.  8M)  that  this  tnif  contained  the 
remains  of  oBtreOt  oardium,  huccinumf  and  patelUi^  of  spedes  now  living  in 
the  Mediterranean ;  and  of  Sir  Charles  Ly  ell  (Principles  of  Geology)  respecting 
the  fossiliferoos  toff  of  Ischia,  that  oitrea,  eardium,  and  pecim  have  been  ob- 
tained fh>m  the  quarries  in  the  hill  of  PosHippo,  an  oatrea  and  a  pectmnadMa 
at  St  Elmo,  above  Naples,  and  fossils  in  other  places. 

X  M.  Dufrenoy  mentions  (M^moires  pour  servir,  &o.,  t.  It.  p.  238),  that  this 
tuff  often  presents  cavities  from  6  inches  to  2  feet  in  height,  almost  always 
taking  a  vertical  direction.  They  are  numerous  in  the  tuff  of  Naples  itself,  and 
in  the  escarpmeats  on  the  high  road  to  Nesita.  Their  parallelism  leads  him  to 
inlier  that  they  have  been  caused  by  the  abundant  escape  of  gas  which  tra- 
versed the  beds  before  their  solidification.  M.  Dufrenoy  (p.  241)  also  notices 
concretions  in  the  tuf^  chiefly  in  the  argillaceous  beds. 

f  The  fossils  found  by  M.  Pilla  are  Turritella  tembra,  Cardinm  ciliart.  Cor- 
bula  gibba,  and  a  portion  of  an  Echinite. 
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saccharoid)  and  of  micaceous  rocks,  M.  Diifrenoy  considers, 
with  the  lava  associated  with  it  on  Monte  Somma,  to  haye  beei 
upraised,  in  a  vaulted  manner,  by  volcanic  forces  acting  from 
beneath,  the  eruptions  finally  finding  vent  through  this  elevated 
mass,  and  forming  the  present  Vesuvius.  The  rocks  com- 
posing Monte  Somma  and  Vesuvius  are  pointed  out  as  differ- 
ent. While  the  lavas  of  Monte  Somma  resemble  crystalline 
rock,  such  as  granite  and  trachyte,  the  Vesuvian  products  are 
scoriaceous.  The  former  are  composed  of  leucite,  augite,  labra- 
dorite,  and  some  rare  nodules  of  olivine ;  while  the  latter,  when 
compact  and  crystalline,  are  formed  of  crystals  of  the  order  of 
felspar,  but  differing  firom  ordinary  felspar,  albite,  and  labra- 
dorite.  They  moreover  contain  crystals  of  green  au^te,  some 
nodules  of  olivine,  and  some  rare  plates  of  mica.  As  with  the 
lava  and  tuff  beds  of  the  Val  del  Bove,  Etna,  the  lava  and  tuff 
of  Monte  Somma  are  traversed  by  numerous  lava  dykes. 

Without  multiplying  examples  of  mixed  beds  of  conglome- 
rate, tuff,  and  lava,  so  occurring  as  to  render  it  probable  that 
these  volcanic  accumulations  had  been  effected  beneath  water, 
mention  may  be  made  of  the  evidence  on  that  head  obtained 
by  Mr.  Dana  among  the  islands  of  the  Pacific,  as  the  descrip- 
tions given  of  such  aggregations  at  Oahu,  and  Maui 
(Hawaiian  group),  and  Tahiti,  possess  much  interest  in  their 
geological  bearings.  Some  of  the  rounded  masses  in  the  con- 
glomerate of  Kauai  are  stated  to  contain  30  cubic  feet,  lying 
against  each  other,  the  interstices  between  filled  in  with  peb- 
bles and  finer  matter.  At  Oahu  there  are  some  finely  la- 
minated tuffs,  which  as  much  point  to  their  formation  beneath 
water  as  tlie  conglomerates.*  Molten  rocks  and  conglomerates 
are  mentioned  as  alternating  at  Tahiti,  some  of  the  stones  in  tht* 
latter  being  six  inches  in  diameter.  |  In  such  islands  we  have 
merely  the«upper  portions  of  volcanos  above  the  level  of  the 

*  Dana,  "  Geology  of  the  United,  States'  Exploring  Expedition/'  pp.  239, 261, 
267,  26S. 

t  Ibid.,  p.  295.  Mr.  Dana  describes  the  general  dip  of  these  beds  to  be 
from  the  central  part  of  the  island  outwards,  the  central  rocks  being  more 
compact  than  thoBCT'on  the  exterior  and  less  vesicular,  more  trachytic  and 
syenitic  (p.  296). 

2q 
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sea.  As  respects  the  evidence  of  their  uprise  from  sitoaticHis 
where  large  rounded  blocks  and  pebbles  could  be  formed,  the 
simple  tumefaction  of  the  yolcanic  mound,  from  the  causes 
above  noticed  (p.  440),  would  alone  aid  the  uplifting  of  beaches 
and  various  deposits,  in  minor  depths,  to  heights  proportionate 
to  the  introducti(Hi  of  the  matter  filling  dykes  traversing  the 
mass,  and  to  the  extension  of  the  various  deposits  of  ashes  and 
cinders,  and  of  lava,  by  heat,  as  covering  after  covering  was 
accumulated,  independently  of  any  great  force  applied  from 
beneath,  and  tending  to  dome  out  and  perhaps  throw  off  the 
flanks. 

The  observer  will  have  to  consider  the  probable  figures 
which  beds  would  take  round  volcanic  islands.  If  we  are  to 
suppose  some  volcanos,  now  inland  in  various  parts  of  the 
world,  to  have  been  once  islands,  the  depth  of  water  around 
them  at  different  times  would  much  influence  the  arrangement 
of  their  mineral  products.  We  should  expect  the  deposits 
which  now  take  place  around  and  amid  the  Hawaiian  Islands 
to  be  much  modified,  as  regards  general  arrangement,  from 
those  of  any  volcanos  in  shallow  seas.  We  must  refer  to  pre- 
vious notices  of  volcanic  ash  and  cinder  accumulations  in  tide* 
less  (p.  79)  and  tidal  seas  (p.  115),  and  the  working  out  of  soft 
from  hard  volcanic  matter  by  the  breakers  (fig.  80,  p.  220),  as 
pointing  to  these  modifications.  To  these  may  be  added  the  con- 
dition of  volcanic  islands,  such  as  those  in  various  parts  of  the 
ocean  exposed  to  almost  ceaseless  breaker  action,  separating 
the  harder  from  the  softer  volcanic  products,  the  volcanic  mass 
gradually  rising,  from  time  to  time ;  great  subaerial  eruptions, 
and  perhaps  submarine  also,  being  effected.  Very  compli- 
cated arrangement  of  parts  could  scarcely  but  arise,  and  much 
admixture  of  molten  matter  with  conglomerates  and  finer  vol- 
canic sediment,  be  the  result,  and  this  independently  of  any  accu- 
mulations at  considerable  depths,  which,  as  they  rose,  would 
become  acted  upon  by  the  breakers  in  a  similar  manner ;  to  be 
aft;erwards  covered  with  subaerial  accumulations,  should  vol- 
canic action  continue  above  water  in  the  elevated  mass.  The 
accompanying  view  of  the  Peak  of  Teneriffe   (fig.  132)  by 
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M.  Deville,*  takea  from  near  Santa  Ursula,  may  serve  to  illus- 
trate the  slope  of  tliat  mountain,  considered  fundameotally  due 
to  Uie  elevation  of  beds  of  tuff  imd  molten  rock  around  the  cen- 
tral portion,  upon  which  the  Eubaerial  eruptions  have  formed 
the  present  Peak,  as  also  the  cutting  back  of  the  mass  at  the 
level  of  Uie  sea  by  the  breakers. 

Fig.  133. 


As  to  the  elevation  of  volcanic  accumulations,  the  island  of 
Santorin  has  attracted  considerable  attention,  not  only  from  the 
discovery  of  organic  remans  in  the  tuffs,  now  rmsed  above  the 
Bea,  but  also  from  its  general  form  and  its  history.  Dr.  Dau- 
beny  infers— with  respect  to  this  island,  or  rather  islands,  tlie 
larger  known  to  the  ancients  as  Thera,  and  the  second  in  size 
as  Therasia,  though  there  may  be  some  uncertainty  as  to  the 
whole  of  the  little  group  having  been  thrown  up  in  historical 
times — tJiat  some  considerable  convulsions  may  have  occurred, 
to  which  early  ancient  writers  refer.t    Whatever  obscurity  may 

•  "6inde«G6)loftiquefl»arlesIle«(leTfneriffeoldeFogo,"  IBil. 

t  Daubeoy,  "  Description  of  Valcanos,"  and  ed.,  p.  320,  Dr.  Daubeny  refers 
to  the  statement  of  Pliny,  that  130  years  after  the  stparation  of  Therosia,  the 
Ulaod  of  Theni  was  thrown  up;  "  a  statement,"  he  obsorves,  "  conGnnert  by 
Jtwdo  and  Plutarch,  ai  to  the  fact,  though  not  as  to  the  dale."  •  -  •  - 
"  It  ii  to  tliis  BTent  that  Seneca  seems  to  refer,  where  he  speaks  of  an  island 
2g2 
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hang  over  the  exact  times  at  which  the  Santorin  group,  or  parts 
of  it,  were  upraised  above  the  level  of  the  sea,  there  appears 
none  as  to  changes  having  been  effected  in  its  isles  and  islets 
by  volcanic  action  in  remote  historical  times.  Although  this 
may  be  a  circumstance  to  be  expected  in  any  volcanic  mound, 
so  situated  that  movements  of  its  sides  or  central  portions,  as 
well  as  eruptions,  should  raise  the  substances  composing  it 
higher  above  water  than  at  any  previous  time,  or  which  should, 
on  the  other  hand,  permit  depressions,  or  even  produce  oscilla- 
tions of  an  order  sometimes  to  raise  volcanic  matter  above,  or 
at  others  to  depress  it  beneath  the  level'of  the  sea,  it  is  stiU  of 
importance,  as  affording  us  information  so  far  back  as  2,000 
years  and  more. 

Nearer  our  own  times,  it  seems  certain  that  a  portion  of  this 
volcanic  mass  was  raised  above  water  in  1573,  forming  a  rock 
known  as  the  Little  Kaimeni ;  that  there  was  an  eruption  of 
pumice  near  Santorin  in  1638 ;  and  that,  in  1707,  a  new  rock 
rose  between  the  Little  and  Great  Kcdmeni,  ^^  which  increased 
in  size  so  rapidly,  that  in  less  than  a  month  it  became  half  a 
mile  in  circumference,  and  had  risen  20  or  30  feet  above  the 
level  of  the  water,  constituting  a  third  island,  which  was  called 
New  Cammeni,  a  name  which  it  still  bears.*'*  Some  persons 
landing  on  the  upraised  rock  to  collect  oysters  adhering  to  it, 
were  compelled  to  leave  it  from  the  violent  shaking  of  the 
ground.  The  commencement  of  the  island  was  first  observed 
on  the  23rd  of  May,  1707.  In  July,  black  smoke  accompanied 
the  upheaval  of  the  rocks,  and  much  sulphuretted  hydrogen 
appears  to  have  been  discharged.  Stones,  cinders,  and  ashes 
were  shortly  afterwards  ejected;  showers  of  the  two  latter 
spreading  to  considerable  distances.  The  volcanic  action  con- 
thrown  np  in  the  ^gean  Sea,  by  an  accumulation  of  stones,  of  Tarious  sues, 
piled  one  upon  another."  «  •  •  « pHny  also  speaks  of  another  pheno- 
menon of  the  same  kind,  as  happening  in  his  own  time,  for  he  tells  us  that  in  the 
reign  of  Claudius,  a.  d.  46,  a  new  island  called  Thia  appeared  near  Thera.  Bat 
as  he  mentions  it  as  only  two  stadia  distant  from  Hiera,  it  is  possible  that  the 
island  may  have  been  joined  to  the  latter  by  a  subsequent  revolutioo,  as  by  that 
recorded  to  have  taken  place  in  the  year  726,  by  which  Hiera  is  sud  to  hare 
been  greatly  augmented  iu  point  of  size.*' 

*   Daubeny  (Description  of  Volcanos,  p.  321),  who  quotes  fttjm   Father 
Goree,  an  eyewitness  of  the  fact,  seen  from  Scaro  and  all  that  side  of  Santorin. 
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tinned  for  nearly  a  year,  more  or  less ;  indeed,  during  ten  sub- 
sequent yeare.*  As  Dr.  Daubeny  remarks,  this  elevatory 
action  has  not  yet  ceased,  inasmuch  as  a  reef  found  by  the 
fishermen  to  have  been  raised,  during  a  short  time,  to  within 
30  or  40  feet  of  the  surface,  was  in  1829  ascertained,  by  M, 
Lalande,  to  have  no  more  than  nine  feet  water  over  an  area  of 
2,400  by  1,500  feet,  the  ground  gradually  sinking  around  from 
the  centre,  and  less  water,  by  two  feet,  was  obtained  about  two 
months  afterwards  by  M.  Bory  de  St.  Vincent. 
The  accompanying  (fig.  I33)is  a  map  oftbese  islands,  with 


a,  a,  a,  a,  Thera  or  SftDtorio  ;  b,  Therasia. 

•  "  In  July  the  ftppeftrancM  were  more  avlul,  as  all  at  once  there  arose,  at  ■ 
diitanccof  aboal  60  pace*  from  the  itlaod  alread)'  thrown  op,  a  cbaiu  of  black 
sDd  caldned  rocks,  toon  followed  bj  a  torrent  of  black  «moke,  which,  from  the 
odoarthat  itspread  around,  from  ill  effect  on  the  natiTes  in  producing  head- 
ache and  *oiniting,  and  from  its  blackening  silver  and  copper  Tcnels,  leenu  to 
have  conraled  of  lalphnrelted  hydrogen.  Some  days  afterwards  the  neigfa- 
bonring  waten  grew  hot,  and  many  dead  fish  were  thrown  npoo  the  shore.  A 
fiigbtfbl  gnbterranean  noiM  was  at  the  same  time  heard,  long  streams  of  Are 
Toae  from  the  gninnd,  and  itooef  ecmUniied  to  be  thrown  ont,  antU  the  rocks 
heeaue  joined  to  the  Whits  Itlaod  origioally  existing.  Showen  of  ashes  and 
pomice  extended  over  the  sea,  even  to  the  coasts  of  Asia  Minor  and  the  Dar- 
danelles, and  destroyed  all  the  prodactt  of  tbe  earth  in  Santorino.  ThcKr 
and  similar  appearances,  continned  ronnd  the  island  for  nearly  a  year,  aile 
whiphnnihinD'roniiiinnlnrthfiin  hnt  a  dense  smoke.     On  [he  15th  Jnlr.  1701 
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a  sketch  of  the  banks  and  form  of  the  ground  beneath  the  sea, 
as  shown  by  the  late  survey  of  Captain  Graves,  R.  N.  The 
crateriform  cavity  in  the  centre,  v^ith  its  depth  of  213  fathoms 
(1,^78  feet),  will  be  at  once  apparent,  with  the  shallow  depth 
on  the  west,  dividing  it  from  the  Mediterranean  in  that  direc- 
tion. Equally  interesting  is  the  deep  channel  runniilg  to 
the  northward,  with  as  much  as  990  feet  in  it,  reminding  us 
of  those  figures  and  descriptions  of  the  craters  particularly 
brought  under  notice  by  Von  Buch,  where  a  great  rent  appears 
to  have  been  effected  on  one  side,  forming  a  ravine  entrance  to 
their  central,  and  often  otherwise  inaccessible  interiors.  Such  a 
form  also  will  again  remind  the  observer  of  the  pear-shaped 
termination  of  fissures  noticed  above  (figs.  115  and  116),  one 
which  would  so  readily  accord  with  the  power  of  a  force 
acting  from  beneath  upwards,  so  that  if  this  was  exerted  in 
the  centre  of  the  group  of  Santorin,  and  a  fissure  extended 
northerly  through  the  deep  channel  there  presenting  itself, 
there  appears  no  mechanical  difficulty  in  supposing  a  somewhat 
yielding  covering,  rendered  so,  in  a  great  measmre,  by  heat, 
opening  outwards  in  such  a  manner  that  the  chief  fissure 
would  suffice  for  any  required  separation  of  parts,  a  certain 
amount  of  cohesion  still  remaining.  The  observer  will  find  it 
needful,  in  estimating  the  effects  which  would  be  produced  in 
this,  or  in  a  somewhat  similar  manner,  to  regard  the  whole  mass 
with  reference  to  proportion  and  real  sections,*  so  that  no 
undue  value  should  be  attached  to  heights  or  distances ;  and 
also  to  the  masses  of  limestone  of  Mount  Elias  and  the  hill  on 
the  north  of  it,  a  range  of  that  limestone  on  the  eastern  side 
of  the  island  (marked  by  straight  lines  on  the  map,  fig.  133) 
having  to  be  taken  into  account.  It  is  also  easy  to  conceive — 
indeed,  the  variable  intensities  of  different  eruptions  from  the 


the  same  observer  (Father  Goree)  had  the  courage  to  attempt  Tisiting  the  islaiid, 
but  when  his  boat  approached  within  500  paces  of  it,  the  boiling  of  the  water 
deterred  him  from  proceediDg.  He  made  another  trial,  bnt  was  driven  back 
by  a  doad  of  smoke  and  cinders  that  proceeded  from  the  principal  crater. 
This  was  followed  by  ejections  of  red-hot  stones,  from  which  he  very  narrowly 
escaped.  The  mariners  remarked,  that  the  heat  of  the  water  had  carried  away 
11  the  pitch  from  their  vessel/'^Daubeny,  *«  Description  of  Volcanoe,**  p.  322. 
*  Those  constructed  with  the  same  scale  for  heights  and  diKtencM. 
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same  yolcanic  vent  point  to  the  fact — that  the  action  which  at 
one  time  may  elevate  a  considerable  mass,  may  at  another,  and 
after  time,  be  unable  to  cause  more  than  a  central  movement 
in  a  volcanic  vent* 

Professor  Edward  Forbes  and  Captain  Spratt,  R.N.,  who 
visited  Santorin  in  1841,  state  that  '^the  aspect  of  the  bay  is 
that  of  a  great  crater  filled  with  water,  Thera  and  Therasia 
forming  its  walls,  and  the  other  islands  being  affcer-productions 
in  its  centre."!  In  the  Little  Kaimeni  they  found  the  elevated 
sea-bottom,  formed  of  fine  pumiceous  ash,  to  be  fossiUferous.  j: 
They  were  informed  that  similar  beds  of  shells  were  found  on 
the  clifi^  of  Santorin  itself.  '*  In  the  main  island,  the  volcanic 
strata  abut  against  the  limestone  mass  of  Mount  St  Elias,  in 
in  such  a  way  as  to  lead  to  the  inference,  that  they  were  depo- 
sited on  a  sea-bottom,  on  which  the  present  mountain  rose  as  a 
submarine  mass  of  rock."§  The  following  view  (fig.  134),  kindly 
communicated  by  Captain  Spratt,  R.N.,  is  highly  illustrative 
of  the  general  appearance  of  the  interior  of  the  Santorin  group, 
of  the  position  of  the  central  islets,  and  of  the  kind  of  stratifi- 
cation which  occurs  around  the  central  opening. 

In  a  group  of  this  kind,  independently  of  any  eruptions 
through  the  central  cavity  or  crater,  which  it  would  appear 
have  taken  place  even  in  later  historic  times,  breaker-action 

*  When  noticing  the  nprise  of  ground  and  emptions  witnessed  at  Santorin 
by  the  Father  Goree,  in  1707  and  1708,  Dr.  Daabeny  calls  attention,  as  import- 
ant to  the  natural  history  of  Yolcanos,  *'  that  in  this  case,  as  in  many  others,  the 
mountain  appears  to  haye  been  eleyated  before  the  crater  existed,  or  gaseous 
matters  were  thrown  out.  According  to  Bourguignon,  smoke  was  not  observed 
till  26  days  after  the  appearance  of  the  raised  rocks." — <*  Description  of  Vol- 
canos,"  p.  322. 

t  In  a  letter  Arom  Professor  £.  Forbes  to  Dr.  Daubeny,  quoted  by  the  latter 
in  his  << Description  of  Volcanos,"  2nd  ed,  p.  324,  1848. 

{  Professor  E.  Forbes  informs  me  that  the  foUowing  shells  were  there  ob- 
tained:— PectuwAulug  pilosua,  Area  tetragona,  Cardita  irapezia,  TVochus  zizU 
phiaus,  T./cMtdum,  T,  exiguits,  T,  Couiourii,  Tiarbo  rugosus,  T.  sanguineiu, 
Phananella  pulla,  Tlurritella  tricottaJtOj  Necsra  aupidatOt  Cerithium  Zimoj 
Pleuroioma  gracile. 

^  "  My  own  Impression  is,"  adds  Professor  E.  Forbes,  "  that  this  group  of 
islands  constitutes  a  crater  of  elevation,  of  which  the  outer  ones  are  the  remains 
of  the  walls,  whilst  the  central  group  is  of  later  origin,  and  consists  partly  of 
upheaved  sea  bottoms  and  partly  of  erupted  matter,  erupted  however  beneath 
the  surfiice  of  the  water.** 
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upon  the  interior  cliffs,  upon  the  softer  substances  especially, 
would  tend  to  degrade  them,  and  deposit  the  detritus,  so 
derived,  in  the  central  depression,  a  deep  cavity  in  a  tideless 
sea,  as  the  Mediterranean  may  be  considered,  as  far  as  regards 
geological  effects.  In  like  manner,  also,  heavy  seas  rolling  over 
the  gap  fiskcing  the  south-west,  between  Therasia  and  Cape 
Akroteri  (Santorin),  where  Aspro  Island  rises  above  the  shal- 
low bank  connecting  the  chief  islands,  (the  brim  of  the  volcanic 
basin,  slightly  covered  with  water,)  *  tend  to  force  in  detrital 
matter.  Deposits  at  the  bottom  of  the  central  cavity,  varying 
in  depth  from  960  to  1,278  feet  in  its  curved  passage  round 
the  Kaimeni,  would  seem  well  at  rest,  except  as  regards  up- 
heaval or  depression  from  volcanic  action  there  prevailing.  In 
cases  where  animal  life  might  become  extensively  destroyed  by 
the  boiling  of  the  waters,  a  ready  supply  of  the  germs,  even 
of  those  inhabiting  deep  water,  could  be  famished  by  the  deep 
channel  opening  to  the  northward ;  one  also  through  which  the 
heated  waters  could  flow  outwards  on  the  surface,  while  (iooler 
water  supplied  their  place'  by  inflow  beneath.  As  regards  the 
exposure  of  this  channel  to  wind-wave  action,  a  glance  at  the 
charts  of  the  Egaean  Sea  will  show,  that  it  is  comparatively  well 
sheltered  by  Nio,  Sikmo,  and  Polykandro,  with  the  bank  con- 
necting those  islands,  on  the  north  and  north-west>  while 
Siphano,  Paros,  and  Naxos  prevent  any  great  range  of  sea 
exposure  still  further  beyond  those  islands. 

Examining  the  charts  of  coasts  or  islands  where  volcanos 
occur,  various  instances  will  be  found  by  the  observer  in 
which  the  sea  more  or  less  enters  the  central  cavitieis  or 
craters,  or  where,  by  a  little  more  c^^tting  away  of  the  remain- 
ing walls  of  the  crater  by  breaker  action,  or  a  slight  change  of 
level,  bringing  some  lower  part  of  its  lip  further  down,  a 
similar  entrance  of  the  sea  would  be  effected.  The  island  of 
St.  Paul  may  be  taken  in  illustration  of  a  crater  just  sovJar 


*  Commencmg  with  the  soathem  poist  of  Therasia,  the  soond^^gs  show 
sabmerged  .brim  of  the  crater  be  sucoessWely  42,  36,  54,  66,  54,  and  42  f^et, 
(depths  at  which  wind-wave  action  would  cause  much  disturbance  on  the  bot- 
tom, especially  during  heavy  gales,)  a  point,  marked  as  a  sunken  rock,  rising 
bighetf.between  the  south  end  of  Therasia  and  Aspro  Island. 
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Itud  open  by  breaker  action,  that  the  portion  of  the  brim  of 
the  basin  through  which  the  sea  enters  is  nearly  dry  at  low 
tide.     It  will  be  seen  by  the  accompanying  plan  (fig.    135), 

Fig.  135, 


that  this  little  island,  scarcely  2^  geographical  miles  from 
N.W.  to  S.E.,  and  about  IJ  mile  broad  from  N.E.  to  S.W., 
rising  in  the  Indian  Ocean,  between  the  south  of  Afnca  and 
the  west  of  Australia,  Madagascar  being  the  nearest  mass  of 
dry  land,  and  more  than  2,000  miles  distant,  is  the  mere 
enmmit  of  a  volcano.  W^th  its  companion.  Amsterdam  Island, 
it  forms  a  remarkable  protru^on  through  the  ocean  amid  a 
mass  of  waters,  an  excellent  example  of  the  uplifting  of  vol- 
canic matter  through  them.  Thai  such  mere  points  should 
be  easily  removed  by  breaker  action,  unless  some  hard  rodcs 
should  be  accumulated,  would  be  expected,  and  the  foregoing 
plan  (fig.  134)  and  accompanying  view  (fig.  135),*  would 
Fig.  136. 


f 

a,  Nine'Pin  Rock  ;  b,  Entrance  to  cratcrJake  ;  c,  Cliff,  well  exhibiting  liie 
nmted  action  of  breaken  and  Btmoepherie  infloenees ;  d,  Dark^eolonred  rock, 
dipping  BCB-wsnl;  e,  Section  of  a  dArk-colonred  bed ;/,  ThcMathem  point  of 
the  island. 
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seem  to  show  that  its  abrasion  by  such  means  is  now  being 
accomplished.  The  high  clifis,  several  hundred  Feet  in  eleva- 
tion, appear  the  remains  of  the  accumulations  cut  back  by 
the  breakers,  so  ceaselessly  at  work  in  such  a  situation,  the 
amount  of  removal  on  the  N.E.  of  the  island  being,  to  a 
certain  extent,  shown  where  the  anchorage  («)  of  the  survey- 
ing ship,  the  **  Fly,"  is  marked  in  that  direction  on  the  chart, 
as  upon  sand  and  stones,  and  beyond  which  the  depth  suddenly 
increases  seaward.  The  greatest  height  of  the  island  is 
stated  to  be  820  feet.  The  Nine-Pin  Rock  (a.  fig.  136)  is 
merely  a  harder  portion  left  by  the  breakers,  and  it  may  be  in- 
ferred, the  present  breaker  action  continuing  to  remove  the 
matter  of  St.  Paul's  island,  and  no  new  eruptions  adding  to 
its  mass,  that  in  time  such  points  might  alone  remain  above 
water  to  attest  the  former  presence  of  a  volcanic  crater,  the 
walls  of  which  once  rose  several  ^  hundred  feet  above  the  level 
of  the  sea.* 

The  distribution  of  volcanos  over  the  face  of  the  globe  will 
strike  the  observer  as  necessarily  important  when  searching 
for  their  cause  and  studying  their  efiects.  It  will  also  at  once 
be  apparent  to  him  that  independently  of  the  modifications 
which  may  arise  in  local  conditions,  so  that  the  same  vent  may 
be  active  at  one  time,  with  variable  degrees  of  intensity,  and 
dormant  at  another,  there  may  be  great  general  conditions 
becoming  so  permanently  changed,  that  a  region  once  marked 
by  volcanic  action  may  so  far  be  considered  as  ceasing  to  be 
so,  that  some  very  considerable  modification  in  such  portion  of 
the  earth's  crust  must  be  affected  to  produce  a  return  of  that 
action.  In  consequence  of  such  complicated  conditions  it 
becomes  almost  impossible  to  separate  active  volcanos  from  those 
termed  extinct,  inasmuch  as  we  can  scarcely  be  certain  that 
many  of  the  latter  may  really  be  such,  and  not  in  a  compara- 
tively dormant  state.  As  a  matter  of  convenience,  therefore, 
rather  than  of  principle,  it  has  usually  been  considered  desira- 

r 

*  In  the  Tiew  above  given  there  is  an  apparent  interstratification  of  ^ffer- 
ently  shaded  rocks,  perhaps  of  lavas  and  tnff.  During  the  abrading  process  by 
the  breakers,  these  would  necessarily  be  acted  upon  according  to  their  relative 
hardness  and  positions. 


A 
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ble  to  separate  volcanos  known  to  have  been  active  from  those 
never  recorded  to  have  been  so,  though  often  preserving  the 
forms  which  they  took  under  subaerial  eruptions  and  lava 
outflows,  atmospheric  influences  having  little  changed  such 
forms.  This  division,  however  convenient  in  the  present  state 
of  the  subject,  should  not  mislead  the  observer,  nor  will  it  do 
so  when  he  regards  volcanic  action  on  the  larger  scale,  and 
igneous  products  generally,  during  the  long  lapse  of  geological 
time  of  which  we  can  obtain  any  relative  records. 

It  has  long  been  remarked  that  active  volcanos  are  chiefly, 
though  not  altogether,  situated  amid,  or  at  moderate  distances 
from,  oceans  and  seas,*  a  circumstance  also  considered  impor- 
tant as  regards  their  products,  especially  as  respects  aqueous 
vapours  and  certain  of  the  gases  evolved.  It  would  be  out 
of  place  to  enter  upon  the  hypotheses  framed  in  consequence, 
"ibrther  than  to  call  the  attention  of  the  observer  to  points 
which  appear  important  for  the  effective  study  of  his  subject. 
First,  however,  as  respects  the  facts  recorded.  Upon  glancing 
at  any  of  the  maps  of  the  world  whereon  the  existing  know- 
ledge of  volcanos,  considered  sufficiently  active,  is  laid  down, 
we  find  them  in  the  ocean  separating  America  from  Europe 
and  Africa,  ran^g  in  points,  or  groups  of  points,  from  Jan 
Mayen's  Island  on  the  north,  by  Iceland,  the  Azores,  Canary, 
and  Cape  de  Verde  Isknds,  Ascension,  and  Trinidad  (South 
Atiantic),  to  Tristan  da  Cunha  on  the  south.  On  one  ade  of 
the  same  waters  the'  line  of  the  West  Indian  volcanos  presents 
itself.  In  the  Indian  Ocean  appear  the  somewhat  scattered 
groups  of/  the  Islands  of  Bourbon,  Mauritius,  and  Rodriguez, 
and  the  small  isolated  points  of  St.  Paul  and  Amsterdam 
Islands.  In  the  central  portion  of  the  Pacific  are  the  Ha- 
waiian, Marquesas,  and  Society  Islands  groups,  with  Easter 
Island.  On  the  north  of  the  same  ocean  is  the  range  of 
the  Aleutian  vents,  having  a  somewhat  W.S.W.  and  E.N.E. 
direction,  (as  if  upon  a  great  fissure,)  into  the  north-west  of 
North  America.  To  the  westward  of  the  Aleutian  volcanos 
%  range  of  vents,  commencing  with  the  somewhat  lofty  volcanos 

'  M.' virago  pointed  oat  in  1^24  (Annuair^),  that  about  fire  or  six  only  of 
173  repiited  active  volcanos  of  the  world  were  not  so  dreumstanoed. 
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in  Kamschatka,  proceeds  in  a  south-west  direction  through 
the  Kurile  Islands  to  and  beyond  Japan.  Southward  of  the 
latter,  and  having  a  north  and  south  direction,  are  the  volcanos 
of  the  Bonin  and  Mariana  Tslands.  On  the  S.E.  of  Japan  a 
series  of  vents  commences,  which,  ranging  down  by  Formosa 
and  the  Philippines,  passes  round  in  the  form  of  a  huge  fish- 
hook, by  the  N.E.  point  of  Celebes,  Gilolo,  the  volcanic  isles 
between  New  Guinea  and  Timor,  Floris,  Sumbawa,  Java, 
and  Sumatra,  to  Barren  Island,  where  a  central  active  cone 
rises  amid  water,  entering  from  the  sea  on  one  side,  bounded, 
except  on  that  side,  by  a  series  of  rocks.*  Returning  to  the  v 
Pacific  we  find  the  volcanic  group  of  the  Galapagos  in  that 
ocean,  ofiT  the  coast  of  Quito. 

As  respects  volcanos  on  continents,  or  in  seas  more  or  less 
intermingled  with  them,  the  vents  of  South  America  constitute 
by  far  the  most  important  range.  After  quitting  the  volcanos 
of  Tierra  del  Fuego,  a  space  intervenes  northward  for  several 
degrees  of  latitude  in  which  they  have  not  been  noticed. 
Then  succeeds  the  long  line  of  the  volcanos  of  Chili,  several 
rising  to  considerable  heights  above  the  sea.  Another  break 
then  occurs,  after  which  volcanos  appear  in  the  Andes  of 
Quito,  Cotopaxi  being  one  of  them.  Passing  the  Isthmus  of 
Darien,  the  vents  of  Guatemala  come  in,  succeeded  more 
northerly  by  those  of  Mexico.  Continuing  in  the  same  direc- 
tion volcanos  become  scarce  in  North  America,  a  few  points 
only  being  noticed  in  California,  upon  the  Columbia,  on  the 
island  of  Sitka,  and  in  Russian  America,!  where  the  Aleutian 
range  joins  in.  Active  volcanos  in  Europe  are  confined  to  the 
Neapolitan  States  and  S^torin,  the  latter  being  inferred  to  be 
merely  for  the  time,  dormant.     On  the  continent  of  Africa  no 

*  Von  Bnch  views  this  island  as  highly  illostratiye  of  a  cone  of  eruption  in 
the  midst  of  a  crater  of  elevation ;  and  Dr.  Daubeny  cfiserve^  that  '*  if  we 
compare  this  locality  with  Santorin,  there  will  be  found  nothing  but  the 
absence  in  the  latter  case  of  an  active  vent  in  the  centre  of  the  bay  whereby  to 
distinguish  it ;  and  from  Monte  Somma  it  chiefly  differs  in  its  lower  level, 
which  causes  the  bottom  of  the  crater  to  be  sunk  beneath  the  waters  of  the 
ocean." — **  Description  of  Volcanos,"  p.  413,  where  also  a  view  of  Barren 
Island  is  given. 

t  Wrangeirs  Volcano,  on  the  Atna. 
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active  yents  are  known,  Jebel  Tarr,  in  the  Red  Sea,  being  as 
much  Asiatic  as  African.  With  respect  to  Asia,  the  great 
mass  of  that  continent  appears  (omitting  the  Kamschatkan 
peninsula),  to  be  at  least  in  a  great  measure  without  active 
vents.  Though  doubts  are  expressed  respecting  such  vents, 
the  statements  regarding  volcanos  in  Central  Asia  are  deserving 
of  every  attention,  and  numerous  warm  springs  would  appear 
there  to  be  found,  under  drcumstances  which  may  connect 
them  with  volcanic  action.* 

The  observer  will  perceive  that  the  statement  as  to  these 
communications  with  the  surface  of  the  earth  being  chiefly 
found  amid  oceans  and  seas,  or  not  far  from  them,  seems 
borne  out.  Volcanos  in  Mexico  and  those  of  Central  Asia, 
assuming  that  there  are  still  active  volcanos  there,  would 
appear  the  principal  exceptions.!  As  respects  the  former, 
it  has  been  held  by  the  advocates  of  the  necessity  of  water 
as  one  of  the  causes  of  volcanic  action,  that  there  may  be 
a  connexion  along  a  great  fissure  extending  in  an  east  and 
west  direction  across  Mexico,  vents  being  established  upon  it 
at  Colima,  Jorullo,  Pococatepetl,  and  Orizaba.  With  regard 
to  Central  Asia,  it  can  be  inferred  that  it  is  a  region  which 
may  have  once  been  in  a  great  measure  occupied  by  an  inland 
sea,  waters  being  then  supplied  to  the  volcanic  foci,  as  is  now 
supposed  by  some  to  happen  in  the  volcanic  regions  of  the 
Mediterranean.;]; 

*  With  respect  to  the  Tolcanos  of  Central  Asia,  Humboldtt  after  obserrisg 
that  Abel  R^musat  first  called  the  attention  of  geologists  to  them  (Annates  des 
Mines,  t.  t.  p.  137),  remarks  (Kosmos,  Sabine*s,  7th  edit  p.  232),  that  there  is 
«  a  great  Yolcanic  chain,  the  Thian-schan  (celestial  moontiuns),  to  irhich 
belong  the  Pe^chan  from  whence  laya  issues,  the  Sol&tara  of  Unua-tri,  and 
.the  still  active  '  fire  mountain '  (Ho-tscheu)  of  Tur&n,  almost  equidistant  from 
the  shores  of  the  Polar  Sea  and  of  the  Indian  Ocean  (1,400  and  1,528  miles). 
Pe-schan  is  also  Ailly  1,360  miles  from  the  Caspian  Sea,  and  172  and  208  miles 
respectiYely  from  the  great  lakes  of  Issikoul  and  Balkasch/'  *  *  *  '*  It  is 
impossible  not  to  recognize  currents  of  lava  in  the  descriptions  given  by  the 
Chinese  writers  of  smoke  and  flame  bursting  from  the  Pe-schan,  accompanied 
by  burning  masses  of  stone  flowing  as  freely  as  '  melted  ikt,'  and  devastating 
the  surrounding  district,  in  the  first  and  seventh  centuries  of  our  era." 

f  Respecting  the  range  of  the  Mexican  volcanos,  Humboldt  remarks  (Kosmos, 
Sabine's,  7th  edit.  p.  232),  that  Jorullo,  Pococatepetl,  and  the  Volcano  de  la 

ragua,  are  respectively  80,132,  and  156  geographical  miles  from  the  ocean. 

I  Reference  to  the  remarkable  fact  that  in  the  island  of  Cephalonia  a  stream 
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Should  the  presence  of  water  be  considered  only  a  secondary 
cause  of  volcanic  action,  it  would  follow  that  during  the  change 
of  levels  which  have  taken  place  over  large  areas  on  the  earth's 
surface,  circumstances  may  arise  that  should  at  one  time  per- 
mit the  easy  access  of  water  to  great  fissures  or  apertures  of 
any  form,  and  at  another  prevent  it.  Thus  aiding  in  chan^ng 
active  volcanic  regions  into  those  termed  extinct,  independently 
of  the  termination  of  other  and  perhaps  more  general  conditions 
from  which  volcanic  action  may  arise.  If  we  regard  the 
variable  amoimt  of  dry  land  which  would  be  exposed  above 
water  by  changes  of  the  relative  level  of  sea  and  land,  such  as 
has  been  above  noticed  in  the  British  Islands  (fig.  99),  it 
would  appear  that  parts  of  France  might  constitute  islands  at 
one  time  to  which  sea  water  could  have  more  ready  access 
(from  proximity)  to  any  volcanic  foci  beneath,  than  at  another. 
Thus,  supposing  such  supply  needed,  if  it  were  stopped  by 
changes  removing  the  sea  to  greater  distances,  a  region  con- 
taining active  volcanos  at  the  one  period,  might  present  only 
extinct  craters  at  another.  This,  even  under  the  hypothesis  of 
the  water  being  essential,  might  not  necessarily  be  always  tiie 
tfial  cause  of  change,  inasmuch  as  the  general  conditions,  pro- 
ductive of  volcanic  action  in  such  districts,  may  have  been 
exhausted,  so  that  whether  the  supply  of  water  was  or  was  not 
altered,  that  action  became  extinct. 

Whatever  may  have  caused  volcanic  fires  to  have  ceased, 
there  are  whole  regions,  independently  of  portions  of  districts 
in  parts  of  which  active  volcanos  still  exist,  or  have  been  known 
in  historic  times^  which  ofier  clear  evidence  of  volcanic  action 
baring  prevailed,  sometimes  extensively,  in  them  at  no  very 
remote  geological  period,  loose  piles  of  cinders  and  ashes,  and 
lava  streams  being  found  nearly  as  ifresh  as  when  ejected. 
The  district  of  Auvergne,  in  central  France,  has  for  about  a 

of  sea- water,  in  sufficient  quantity  and  yolame  to  turn  a  mill,  is  constantly  flow- 
iug  from  the  sea  inland,  where  it  becomes  swallowed  up,  has  been  made,  as 
illustrating  the  employment  of  water  in  Tolcauic  action,  that  supply  of  water 
being  converted  into  gases  and  vapours,  producing  earthquakes  and  volcanic 
eruptions. — See  Mr.  Strickland,  "Geol.  Trans."  2nd  Series,  vol.  v.  p.  408,  and 
**  Geological  Proceedings,"  vol.  ii.  pp.  220,  393 ;  also  Daubeny's  *'  Description 
of  Volcanos." 
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century  engaged  attention,  as  one  of  extinct  volcanic  action.* 
This  seem  to  have  continued  for  a  long  period,  various 
points  of  communication  having  been  established  between  the 
interior  of  the  earth  and  the  atmosphere  at  different  times,  and 
changed  and  modified  results  the  consequence.  In  addition  to 
Auvergne,  similar  accumulations  are  found  in  France,  in  the 
Cantal,  the  Velay,  the  Vivarais,  the  Cevennes,  and  in  the 
vicinity  of  Marseilles  and  Montpellier.  In  Germany  they  are 
seen  in  the  districts  of  the  Eifel,  the  Siebengebirge,  and  other 
places.  Hungary,  Transylvania,  and  Styria,  present  their 
trachytiaand  other  igneous  products.  Extinct  volcanic  action  is 
also  traced  in  Spain  and  Sardinia ;  Italy  offers  its  extinct  as  well 
as  active  volcanic  accjamnlations,  as  does  also  Greece,  when  in- 
cluding its  islands.  In  AsiaMinor^  extinct  volcanos  are  found, 
and  more  especially  in  the  wide  district  of  the  Katakekau- 
mene.f  With  respect  to  the  Holy  Land,  the  destruction  of 
Sodom  and  Gomorrah  has  been  attributed  to  volcanic  eruptions, 
and  volcanic  accumulations  are  elsewhere  noticed  in  tlie  same 


*  It  18  now  aboat  a  century  since  (1 752)  that  Gaettard  published  his  **  M^ioMure 
sur  qnelques  Montagues  de  la  France,  qui  out  4td  des  Volcans  (Mteoires  de 
r  Acaddmie  dis  Sciences)/'  As  regards  general  views  of  the  extinct  volcanos  of 
France,  the  observer  will  find  them  in  Mr.  Scrope's  ^  Geology  of  Central 
France,'*  1827 ;  in  the  "  Mdmoires  pour  servir  a  une  Description  G^logique  de 
la  France,"  (1830-38),  and  the  *'  Explication  de  la  Carte  G6ologique  de  la 
France,*'  1841,  by  MM.  Dufr^noy  and  £lie  de  Beaumont,  and  in  Dr.  Danbeny's 
"Description  of  Volcanos,"  2nd  edit,  1848.  More  than  70  years  since  M. 
Desmarest  published  a  map  of  Auvergne,  always  adverted  to  with  satisfiictiou 
by  those  who  have  visited  tliat  region.  As  Sir.  Charles  Lyell  remarks  (**Prin- 
ciples  of  Geology,"  7th  edit.,  p.  51),  "Desmarest,  after  a  careful  examination 
of  Auvergne,  pointed  out,  first,  the  most  recent  volcanos  which  had  their  craters 
still  entire,  and  their  streams  of  laya  conforming  to  the  level  of  the  present 
river-courses.  He  then  showed  that  there  were  others  of  an  intermediate 
period,  whose  craters  were  nearly  efilEioedt  and  whose  lavas  were  less  intimately 
connected  with  the  present  valleys ;  and,  lasUy,  that  there  i^ere  volcanic  rocks, 
still  more  ancient,  without  any  discernible  craters  or  scorise,  and  bearing  the 
closest  analogy  to  rocks  in  other  parts  of  Europe." 

t  Messrs.  Hamilton  and  Strickland  (Geol.  Trans.,  2nd  series,  vol.  vi.,  1841. 
and  "  Travels  in  Asia  Minor,"  1842,  by  the  former  geologist)  consider  the 
volcanic  products  of  the  Katakekaumene,  as  referable  to  three  periods.  The 
volcanic  accumulations  of  the  last  period  are  as  fresh  as  amid  active  vents,  the 
ashes  and  scorisa  still  loose  and  piled  up  as  after  immediate  ejection,  the  lava 
streams  rugged,  a  few  straggling  plants  alone  finding  fitting  conditions  for  their 
growth. 
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land,  and  in  Persia  and  its  adjoining  countries.  Doubtless, 
also,  many  other  regions,  not  yet  explored  by  the  geologist,  will 
be  found  to  present  {dmilar  accumulations,  and  indeed  they 
have  been  noticed  in  the  great  continent  of  America. 

In  various  parts  of  the  world,  as  well  in  regions  where  lava 
streams  intermingled  with  ash  and  cinders,  either  piled  up 
oonically  or  more  evenly  distributed,  are  not  apparent,  as  in  those 
where  active  or  extinct  volcanos  exist,  certain  rocks  are  found 
to  which  the  name  basalt  has  been  given.  In  the  application 
of  this  name,  care  has  not  always  been  taken  to  distinguish  the 
same  compound  considered  chemically  and  mineralogically,  so 
that  in  the  matter  of  fusibility  alone,  substances  so  termed 
differ  somewhat  materially.*  Fine  varieties  of  greenstone 
(diabase),  consisting  of  orthoclase  and  hornblende  have  as  often 
been  termed  basalt,  as  those  of  labradorite  and  augite  (dolerite). 
If,  with  M.  Rose,  hornblende  and  augite  be  considered  only 
modifications  of  the  same  mineral,  this  would  leave  the  dif- 
ference of  these  two  varieties  of  basalt  to  consist  in  that  of 
the  two  felspars.  The  basalt  of  the  Mont  Dor  has  been  stated 
to  contain  both  the  augite  and  hornblende  forms  of  this  mineral. 
Basalt  has  again  been  supposed  essentially  to  consist  of  augite, 
magnetic  iron,  and  a  mineral  of  the  zeolitic  family.t    The 


*  Dnrifig  the  ezperimentB  on  the  fbsibiJity  of  rocks,  to  which  allusion  has 
been  above  made,  we  found  marked  differences  in  that  of  the  so-termed  basalts. 
Allowing  for  changes  by  the  different  conditions  under  which  substancei:, 
originaUy  similar,  may  have  been  placed,  so  that  while  one  may  have  been 
deprived  of  certain  substances,  another  may  have  mineral  matter  added  to  it, 
there  were  still  evidently  original  differences.  It  has  been  stated  by  De 
Sauasure  (Journal  de  Physique),  that  basalt  melts  at  76^  of  Wedgwood.  The 
experiments  of  Sir  James  HaU  (Trans.  Royal  Soc.  of  Edinburgh,  vol.  v.),  went 
to  show  Uiat  whinstone,  or  basalt  as  it  has  been  called,  from  the  vicinity  of 
Edinburgh,  became  soft  at  a  temperature  from  28^  to  55°  Wedgwood,  a  heat, 
as  Ur.  Daubeuy  remarks  (Description  of  Volcauos,  p.  616),  inferior  to  that  of  a 
common  glass-house. 

t  Referring  to  the  composition  of  this  seolitic  mineral,  Dr.  Daubeny  ob- 
serves (Description  of  Volcanos,  p.  18),  that  it**  is  such  as  to  imply  that  it  may 
have  been  formed  out  of  labradorite  by  the  addition  of  water,  the  presence 
of  which  in  all  zeolites  is  the  cause  of  the  bubbling  up  under  the  blowpipe,  which 
has  occasioned  them  to  be  distinguished  by  that  general  appellation."  Follow- 
ing oat  this  view,  it  seems  highly  desirable  to  consider  how  fkr  a  change  may 
be  brought  about  in  a  compound  of  augite,  magnetic  iron,  and  labradorite,  so 
that  the  latter  became  modified  by  water  after  ejection.    The  vesicles  of  basalts. 
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uncertainty  in  the  employment  of  the  term  basalt,  would  appear 
to  require  attention.  Thus  the  rocks  which  encircle  the  Peak 
of  Teneriffe,  and  usually  noticed  under  that  head,  are  referred 
by  Dr.  Abich  to  his  class  of  trachyte-dolerites.  While  en- 
deavouring to  trace  the  sources  whence  certain  igneous  rocks 
may  have  been  obtained,  even  sometimes  with  reference  to  the 
melting  of  masses  which  may  haye  been  accumulated  by  means 
of  water,  or  have  been  intermingled  with  such  deposits,  mine- 
ralogical  and  chemical  distinctions,  as  £ur  as  they  can  tslvlj  be 
carried  out,  would  appear  yery  desirable.*  While  at  times 
extensive  sheets  of  basalt  cover  great  areas,  at  otibers  they  are 
mingled  with  ordinary  volcanic  products,  apparently,  therefore, 
ejected  under  dissimilar  conditions.  Basalt  is  sometimes  highly 
vesicular,  at  others  very  compact ;  these  modes  of  occurrence 
are  observable  over  areas  of  different  extent,  both  considerable 
and  limited. 

As  regards  the  relative  antiquity  of  basalt,  we  find  it  noticed 
as  well  among  the  ancient  as  the  more  modem  volcanic  products 
of  central  France,  and  among  the  more  modem  of  the  ViTarais 
in  the  south  of  France,  as  also  in  tibose  of  the  EifeLf  It  is 


as,  for  example,  those  of  the  north  of  Ireland,  are  often  fiUed  irith  secditio 
minerals,  the  results  of  infiltrations  into  them,  quite  as  much  as  agates,  &c.,  also 
found  anud  the  same  rocks.  In  Act,  in  oertain  districts  the  resides  are  fiUcd 
irith  a  yariety  of  substances,  the  zeolites  forming  only  a  part  of  them. 

*  As  respects  the  chenucal  composition  of  basalt,  including  that  of  Teneriffe 
(trachyte-dolerite  of  Dr.  Abich),  the  fbUowing  table  of  basalt,  from  Saxony,  (1), 
by  Mr.  PhUlips,  from  Banlieu  (8),  by  M.  Beandant,  and  from  Teneriffe  (3),  by 
Dr.  Abich,  may  be  usefhl : — 


Silica       •     .'    • 
Alumina       .     . 
Protoxide  of  iron 
Peroxide  of  iron 
Oxide  of  manganese 
Lime .     .     . 
Magnesia 
Potash    .     . 
Soda  .     .     . 
Chlorine 
Water      .     . 


44-50 
16-75 
20*00 

•  • 
0-12 
9-50 
2-25 


2-60 
2'6o 


59*5 

11-5 

19-7 

0-6 

•  • 
1«3 

•  • 
1-6 

6-9 

•  • 


57 
17 
4 
2 
0- 
5 
2' 
1 
6- 
0 


76 
56 
64 
09 
82 
46 
76 
42 
82 
30 


trace 


■*'  On  this  point,  Dr.  Daubeny  remarks  (Description  of  Volcaaos,  p.  4i\  when 
mentioning  the  occurrence  of  basalt  with  the  fresh-water  limestones,  near  Gter- 
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noticed  as  intenningted  among  the  andent  volcanic  rocks  of  the 
Siebengebirge,  as  alec  of  later  date  in  the  same  district.  Basalt 
is  described  as  among  the  andent  igneoos  rocks  of  Iceland. 
It  occurs  in  many  parte  of  the  worid  where  its  relative  date  is 
not  so  apparent,  sometimes  forming  the  isolated  caps  of  bills, 
and  restJDg  upon  other  rocks,  in  a  manner  pointing  to  tlie  con- 
siderable and  partial  destruction  of  some  great  sheet  of  this 
rock.  This  has  been  supposed  the  case  with  the  basaltic  bills  in 
parts  of  Germany.  The  lai^est  area  occupied  by  basalt  seems 
to  be  in  India,  where  rocks  of  thb  class  appear  to  occupy 
one  of  200,000  square  miles.*  With  respect  to  this  rock,  a  fine 
exhibition  of  it  is  found  in  the  north  of  Ireland,  where  the 
Giant's  Causeway  and  the  adjacent  country  have  long  attracted 
attention.  Tboagh  on  a  much  smaller  scale,  the  island  of 
Stafia,  Hebrides,  has  also  long  been  equally  celebrated  for  its 
basalt.  In  the  north  of  Ireland  its  eruption  was  posterior  to 
the  formation  of  the  ehalk  of  the  same  district,  but  the  portion 
of  the  tertiary  period  to  which  this  should  be  referred  is  not  clear. 
Though  by  no  raeaiB  confined,  among  igneous  rocks,  to 
basalt,  tlie  spherical  and  cotimmar  structures  often  developed  in 
that  rock  have  also  long  attracted  much  attention.  The  minor 
spherical  structure  seen  on  the  small  scale  in  some  volcanic 
rocks,  and  also  in  artificial  glass,  and  which  has  been  previously 
noticed,  would  appear  to  have  been  produced  oa  tlie  larger 
scale,  under  certain  conditions,  in  basalts.  Sometimes  this 
Fig.  137.  globular  structnre,  as  ^own  during  the 

decompo^on  of  the  rock,  is  irregu- 
lar, so  that  tlie  whole  has  ^e  appear* 
k  ance  of  balk  of  various  dimensions  piled 
up  without  much  order  (fig.  137) ;  at 
others,  a  great  order  prevails,  and  the 

moDt,  wid  theproof  by  M.  l^de  BeMmoDtof  thiibMklt  (brmingdjkeiunid 
the  fmli-itater  fonnation  of  the  Limsgne  (Htooires  ponr  ierTir,  Ac,  torn,  i.), 
that  vMU  it  oceauoDally  niiderliM  the  tracbyte  and  nbjatxnt  toA  of  the  dii- 
tricta, "  it*  eeneral  ralatioa  to  boA  tbeae  rocka  indkatca  that  it  U  <rf  more 
modern  etuptiou." 

■  Lient-Golonel  Sykea  (Geolofp<:al  Traiiaactiaiu,  Snd  •cries,  vol.  iv.,  p.  409) 
obwrrea,  that  id  the  DaUinn  there  are  proofi  of  a  ctMitinnout  trap  fbimatioD, 
Gorering  an  area  of  troin  S00,000  to  350,000  aqoan  milei. 
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concretions  are  either  roughly  arranged  above  one  another 
in  wide  spheroidal  shapes,  or  so  pressed  agamst  each  other  as 
to  produce  prisms,  sometimes  of  very  symmetrical  forms.  In 
1804,  Mr.  Gregory  Watt  showed  by  his  experiments  on  basalt, 
that  when,  in  the  cooling  of  a  molten  mass  of  that  rock,  this 
structure  was  developed,  and  ^^  two  spheroids  came  into  contact, 
no  penetration  ensued,  but  the  two  bodies  became  mutoally 
compressed  and  separated  by  a  plane,  well  defined  and  invested 
with  a  rusty  colour/'  and  he  observed,  when  several  spheroids 
met,  that  they  fonned  prisms.* 

From  the  arrangement  observed  by  Mr.  Gregory  Watt,  he 
inferred  that  '^  in  a  stratum  composed  of  an  indefinite  number, 
in  superficial  extent,  but  only  one  in  height,  of  impenetrable 
spheroids,  with  nearly  equidistant  centres,  if  their  peripheries 
could  come  in  contact  on  the  same  plane,  it  seems  obvious  that 
their  mutual  action  would  form  them  into  hexagons ;  and  if 
these  were  resisted  below,  and  there  was  no  oppoong  cause 
above  them,  it  seems  equally  clear  that  they  would  extend 
their  dimensions  upwards,  and  thus  form  hexagonal  prisms, 
whose  length  might  be  indefinitely  greater  than  their  diameters. 
The  further  the  extremities  of  the  radii  were  removed  from 
the  centre,  the  nearer  would  their  approach  be  to  parallelism ; 
and  the  structure  would  be  finally  propagated  by  nearly 
parallel  fibres,  still  keeping  within  the  limits  of  the  hexagonal 
prism  with  which  their  incipient  formation  commenced ;  and  the 
prisms  might  thus  shoot  to  an  indefinite  length  into  the  un- 
disturbed central  mass  of  the  fluid,  till  their  structure  was 
deranged  by  the  superior  influence  of  a  counteracting  cause." 

It  will  require  the  careful  study  of  this  class  of  rocks,  more 
particularly  in  a  decomposed  state,  for  the  observer  to  ascer- 
tain the  extent  to  which  the  view  of  Mr.  Gregory  Watt  may 
be  applicable.  Where  one  plane  of  a  sheet  of  basalt  may  have 
been  exposed  to  cooling  influences,  so  that  the  spheroidal^struc- 
ixffe  could  be  first  developed  in  it,  and  in  the  manner  suggested, 
and  also  so  that  no  other  spheroidal  bodies  could  be  developed 

*  Obaerratioiis  on  Basalt,  and  on  the  transition  from  the  yitreoos  to  the  stony 
texture  which  ocean  in  the  gradual  refrigeration  of  melted  basalt,  Phil.  Trans. 
1804. 
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in  the  general  body  of  the  rock,  and  thus  interfere  with  the 
extension  of  the  original  spheroid,  there  would,  when  this  could 
find  space  for  development,  not  appear  much  difficidty  in  fol- 
lowing this  view.  In  those  basaltic  dykes  that  are  sufficiently 
common  in  some  districts^  where  we  may  suppose  that  the 
walls  of  the  fissure,  which  had  been  filled  by  the  molten  rock, 
presented  equal  cooling  conditions^  we  sometimes  see,  as  in 
the  subjoined  section  (fig.  138),  that  the  prisms  shoot  out  at 

Fig.  138. 
d  a  e 


f 

right  angles  to  the  walls  of  the  containing  rock  (&c),  as  if  each 
set  commenced  at  the  sides  (d  and  e\  conAiaon  ariang  at  the 
central  portion  (a/),  on  the  conditions  having  been  there  such 
that  the  prismatic  structure  was  not  developed.*  In  cases, 
also,  where  not  a  trace  of  joints  can  be  observed,  as  in  the  an- 
nexed section  (fig.  139),  where  the  columns  (c),  are  seen  to 


rise  at  right  angles  to  the  supporting  rock  (a  &),  which  may  be 
of  any  kind,  igneous  or  accumulated  in  water,  the  prisms  reach- 
ing to  the  height  of  100  feet  or  more,  an  original  cooling 
lower  plane  may  have  produced  the  prisms  throughout.  Also 
in  those  curved  columns  of  basalt,  where,  as  in  the  following 

*  It  sometiines  happens  that  the  central  portions  of  a  basaltic  dyke  are  more 
prismatic  than  the  sides,  as  if  the  cooling  had  been  too  rapid  at  the  sides  for 
the  production  of  this  arrangement  of  parts.  Agun,  the  prisms  are  sometimes 
foand  ranging  from  wall  to  ifali  of  the  fissure,  as  if  artifieiaUy  cat  prismatic 
blocks  of  rock  had  been  piled  in  it  on  their  sides. 
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sketch   (Gg.   140),    no  joints    are   apparent,   even  upon   the 

Fig.  140. 


weathering  of  the  rock,  we  may  suppose  that  some  tendency 
of  an  original  set  of  spheroids  to  develope  themaeWeB  more  in 
one  direction  than  another,  &om  some  local  cauee,  has  been  so 
continued  as  to  produce  the  general  curve  obserred. 

When  the  jointing  of  the  prisms  is  marked,  though  no  doubt, 
upon  the  view  of  Mr.  Gregory  Watt,  the  prolongation  of  addi- 
tions to  the  radiating  arrangement  of  parts  would  render  die 
pauses  of  that  which  would  be  otherwise  concentric  coatings  of 
a  spheroidal  mass,  somewhat  flat  planes,  across  the  prisms,  so 
f'8-  1*1-  that  the  annexed  structures  (fig.  141), 

might  be  thereby  accounted  for,  tacts 
are   occasionally  seen,  where  the  de- 
compo»tion  of  the  joints  would  lather 
I  point  to  the  production    of   separate 
centres  of  radiation.     Certain  joints  of 
the  great  bed  of  prismatic  basalt  which,  dipping  into  the  sea, 
forms  the  well-known  Giant's  Caoseway,  in  Uie  north  of  Ire- 
land, would  seem  to  countenance  such  a  view.    These  joints 
are   observed  to    hare    minor   pieces, 
a,  a,  a,  supplemental,  as  it  were,  to  the 
m^n  jmnts,  filling  up  corners;  ^ving 
an   idea  of  each  joint  having  been  a 
separate  sphere,  the  minor  pieces  com- 
pleting the  arrangement  of  particles  in 
the    comers,    where     sphere    pressing 
against  sphere,  these   remained   to  he 
filled  up.     At  times  the  minor  pieces  constitute  mwe  of  the 
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whole  sharp  comers  of  the  prisnu,  as  represented  beneath, 
(fig.  143). 

F^g.  143. 


Of  the  intemiixture  of  conditiona  producing  flows  of  melted 
rock  at  one  time  from  the  same  general  vent,  or  system  of 
vents,  which  should  take  the  prismatic  form,  and  at  another 
exhibit  no  tendency  to  that  structure,  the  Giant's  Causeway 
and  adjacent  district  in  the  north  of  Ireland  will  afford  the 
obseirer  a  good  example.  The  same  mixture  of  prismatic  and 
more  solid  basalt  is  also  to  be  found  in  the  Island  of  Stafia, 
where,  as  shown  in  the  annexed  sketch  (fig.  144),*  the  action  of 
the  Atlantic  breakers  has  worn  out  the  celebrated  Fiugal's 
Cave. 

Fig.  144. 


*  fiedaeed  tttm  MoColkwb'a  "  W«il«ni  ItUndi  of  Sootland." 
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Salses  or  Mud  Voleanos. — lifiDeral  matter  is  raised  from 
beneath  and  thrown  out  upon  the  surfiause  of  the  ground,  and 
vapours  and  gases  are  evolved,  the  latter  sometimes  inflamma* 
ble,  in  a  manner  which  so  differs  from,  or  forms  a  modification 
of  the  volcanic  action  previously  noticed,  as  to  merit  separate 
attention.  Amid  the  changes  effected  during  the  modification 
of  ordinary  volcanic  action,  it  may  readily  happen,  as  has  been 
seen,  that  aqueous  vapours  and  certain  gases  alone  escape  from 
old  volcanic  vents,  and  masses  of  mud  may  be  ejected,  as  from 
Tongariro,  New  Zealand  (p.  373).  In  these  cases,  the  gases 
evolved  would  tend  to  show  the  observer  the  connexion  between 
volcanic  action,  such  as  it  is  manifested,  with  a  very  general  re- 
semblance, in  so  many  situations  scattered  over  the  face  of  the 
globe,  and  any  localities  he  may  be  examining ;  more  espe- 
cially if  volcanic  rocks  prevailed  in  the  vicinity.  As  the  sub- 
ject at  present  rests,  it  requires  more  attention  than  has  always 
been  assigned  it,  inasmuch  as  somewhat  similar  appearances 
may  be  brought  about  by  different  means.  While  a  modifi* 
cation  of  volcanic  action  may  connect  certidn  of  these  salses  or 
mud  voleanos,  as  they  have  been  termed,  with  the  general 
cause  of  that  action,  others  may  depend  upon  causes  which, 
though  producing  effects  of  local  importance,  could  scarcely, 
as  regards  the  crust  of  the  globe,  be  conddered  as  exerting  any 
great  geological  influence,  while,  as  manifesting  alterations  in 
the  condition  of  the  matter  composing  even  limited  portions 
of  the  accumulations  on  the  earth's  surface,  they  require 
consideration. 

With  respect  to  gaseous  emanations,  they  are  not  only  found 
so  connected  with  volcanic  re^ons,  Uiat  their  origin  can 
scarcely  be  doubted ;  but  also  in  localities  where  that  action  is 
either  not  apparent,  or  where  other  sources  may  be  reasonably 
assigned  them.  Of  the  latter  kind  are  those  discharges  of 
carburetted  hydrogen,  which  rise  in  several  coal  districts ;  this 
gas  occasionally  evolved  in  such  volume  as  to  be  economically 
employed.*     In  these  cases,  our  experience  in  working  col- 

*  At  Fredonia,  State  of  New  York,  this  gas  has  long  been  collected  in  a 

asometer  for  the  lighting  of  the  place;  and,  according  to  HQmboldt(Ko6mo6), 

has  been  used  in  the  Chinese  province  of  Tse-tchnan,  for  more  than  1,000 
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lieries  shows  us  that  such  gases  are  abundaDtly  produced  from 
certain  coal  beds  and  associated  carbonaceous  shales,  the  result 
of  a  decomposition  of  those  bodies  by  which,  among  other 
changes,  a  portion  of  the  constituent  carbon  and  hydrogen  is 
evolved  in  a  gaseous  state.  That  fissures,  or  other  natural  rock 
channels,  should  permit  the  escape  of  this  gas  to  the  surfiice, 
and  that  the  causes  for  its  production  continuing,  it  should 
have  been  known  during  a  long  lapse  of  time,  would  be  ex- 
pected. Emanations  of  carburetted  hydrogen  are  well  known 
in  the  coal  districts  of  Europe  and  America. 

When  beds  of  lignite,  coal,  or  shales  highly  impregnated 
with  bituminous  matter,  can  be  acted  on  by  heat,  so  that  these 
substances  may  be  placed  under  somewhat  of  the  conditions  of 
the  coals  in  a  gas-work,  we  should  expect  results  corresponding 
with  the  resistance  to  the  escape  of  the  gas  which  any  asso- 
ciated or  superincumbent  rock-deposits  may  offer,  with  the 
additional  force  exerted  by  any  steam  which  may  be  derived 
from  disseminated  water,  the  latter  sometimes  forming  no  in- 
considerable power  for  overcoming  superincumbent  resistance. 
In  such  instances,  the  heat  produced  by  the  decomposition  of 
iron  pyrites,  so  often  disseminated  amid  carbonaceous  and 
bituminous  deposits,  should  scarcely  be  neglected,  a  sufficient 
supply  of  air  and  water  being  effected.  Indeed,  the  ^^  burning," 
as  it  is  usually  termed,  of  bituminous  shales  exposed  in  cliffe,"" 


years.  M.  Imbert  states,  that  an  inflammable  gas  is  employed  in  evapo- 
rating saline  water  at  Thsee-lieon-tsing.  **  Bamboo  pipes  carry  gas  from  the 
source  to  the  place  where  it  is  to  be  consumed.  These  tubes  are  terminated  by 
one  of  pipe-clay,  to  prevent  their  being  burnt.  A  single  source  (of  gas)  heats 
more  than  300  kettles.  The  fire  thus  produced  is  exceedingly  brisk,  and  the 
caldrons  are  rendered  useless  in  a  few  months.  Other  bamboos  conduct  the 
gas  intended  for  lighting  the  streets  and  great  rooms  or  kitchens.*' — '^Biblio- 
th^ue  UniTeraelle,"  and  <' Edinburgh  Philosophical  Journal,"  1830.  The 
wells  whence  this  inflammable  gas  rises  were  sunk  for  the  purpose  of  obtuning 
the  saline  water.  .This  they  first  afforded ;  but  the  water  fiuling,  they  were 
sunk  much  deeper,  when,  instead  of  water,  the  gas  rushed  out  suddenly  witli 
considerable  noise  (Humboldt,  **Fragmens  Asiatiquet").  This  seems  a  good 
instance  of  tapping,  as  it  were,  a  supply  of  inflammable  gas,  pent  up  in  a  com- 
pressed state. 

*  The  Kimmeridge  clay  of  the  Weymouth  coast,  in  which  there  is  mach 
shale  in  places  so  bituminous  as  to  have  been  distilled  for  the  bitumen  in  it,  offers 
from  time  to  time  a  good  example  of  the  **  burning'*  of  a  cliff  fhrn  the  decom- 
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and  through  which  easily-decompoeed  iron  pyrites  are  dissemi- 
nated, is  mxfficient  to  show  that  this  circamstanoe  should 
receive  attention,  however  exaggerated  the  views  taken  re* 
specting  the  effects  of  such  causes  may  once  have  been. 

The  country  around  Baku,  a  port  on  the  Caspian,  would 
appear  instructive,  not  only  as  respects  the  emanation  of  inflam- 
mable gas,  but  also  with  regard  to  the  production  of  one  class 
of  salses,  or  mud  volcanos.  That  district  is  described  as  im- 
pregnated with  petroleum  and  naphtha,  to  such  an  extent  that 
the  inhabitants  of  Baku  employ  no  other  fuel.  About  ten 
miles  N.E.  from  the  town  there  are  many  old  temples  of  the 
Guebres,  in  each  of  which  inflammable  gas,  burning  with  a  pale 
flame  and  smelling  strongly  of  sulphur,  rises  in  jets  from  the 
ground.*  A  large  jet  is  stated  to  issue  from  an  adjoining  hill- 
side^ and  the  whole  country  around,  for  a  circumference  of  two 
miles,  is  so  impregnated  with  this  gas  that  a  bole  being  made 
in  the  ground  it  immediately  issues,  the  inhabitants  thrusting 
canes  into  the  earth,  through  which  the  gas  rises  and  is  used 
in  cooking.t  It  was  near  Jokmali,  to  the  east  of  Baku,  that, 
on  the  27th  November,  1827,  flame  burst  out,  where  flame  had 
not  previously  been  known,  rising  to  a  considerable  height,  for 
three  hours,  after  which  it  became  lowered  to  three  feet,  burnt 
for  20  hours,  and  was  then  succeeded  by  an  outburst  of  mud. 


position  of  iron  pyrites  amid  bitominons  sbde  by  the  action  of  the  weather. 
The  heat  generated  has  been  occasionally  so  considerable  as  to  ftiae  some  of  the 
clay  or  shale. 

*  It  woold  be  expected  that  these  natoral  jets  of  inflammable  gas  woold  be 
utilised,  whererer  ascertained  to  be  emitted,  by  those  to  whom  a  perpetnal  fire 
oonld  be  of  importance  in  their  religions  rites.  Captain  Beaufort  (Karamania) 
describes  a  jet  of  inflammable  gas,  named  the  Yanar,  near  Deliktash,  on  the 
coast  of  Karamania,  probably  once  thus  used.  "  In  the  inner  comer  of  a  ruined 
building,  the  wall  is  undermined,  so  as  to  leaye  an  aperture  of  three  feet  in 
diameter,  and  shaped  like  the  month  of  an  oven ;  from  thence  the  flame  issues, 
giTing  out  an  intense  heat,  yet  producing  no  smoke  on  the  wall."  Though  the 
wall  was  scarcely  discoloured,  small  lumps  of  caked  soot  were  found  in  the  neck 
of  the  opening.  The  Yanar  is  considered  to  be  very  ancient,  and  possibly  the 
jet  described  by  Pliny.  The  hiU  whence  it  issues  is  formed  of  crumbling  ser- 
pentine and  loose  blocks  of  limestone.  A  short  distance  down  it  there  is 
another  aperture,  whence,  from  its  appearance,  another  jet  of  a  similar  kind  is 
inferred  once  to  have  risen. 

t  '*  Edinburgh  Philos<^hical  Journal,"  toI.  vi. 
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covering  an  area  of  more  than  1,000,000  square  feet  to  the 
depth  of  two  or  three  feet.*  Large  fragments  are  mentioned 
as  having  been  thrown  ont,  and  hurled  around,  f  A  column 
of  flame  rose  so  high  at  an  eruption  near  Baklichli,  west  of 
Baku,  that  it  could  be  seen  at  the  distance  of  24  miles.  The 
country  is  considered  to  afford  other  traces  of  mmilar  erup- 
tions. 

While  these  eruptions  have  taken  place  near  Baku,  on  the 
east  of  the  Caucasus,  similar  outbursts  of  flame  and  mud 
hare  occurred,  under  similar  circumstances,  in  the  neighbour- 
hood of  Taman  and  Kertch,  at  the  western  extremity  of  the 
same  range.  These  have  been  long  known,  and  taking  place, 
in  an  area  which  comprises  the  Cimmerian  Bosphorus,  where 
the  Sea  of  Azof  communicates  through  a  shallow  channel  with 
the  Black  Sea,  they  become  important  in  effecting  surface 
changes,  tending  still  further  to  close  this  channel  upon  the 
outflow  of  the  river  waters  poured  into  the  Sea  of  Azof,  chiefly 
by  the  Don  and  its  tributaries,  and  not  evaporated  in  it.  These 
salses,  or  mud  volcanos,  are  found  on  both  sides  of  the  strait, 
and  are  situated,  like  those  of  Baku,  in  a  district  replete  with 
bituminous  matter.  M.  Dubois  de  Montpereux  gives  sections 
showing  the  area  to  be  principally  composed  of  a  highly-bitu- 
minous (tertiary)  shale,  sometimes  with  lignite,  alternating  with 
sands.  From  these  bituminous  beds  asphalt  is  prepared,  and 
there  is  evidently  much  bituminous  matter,  including  naphtha, 
disseminated  in  its  various  forms ;  indeed  naphtha  springs  are 
mentioned  as  rising  near  the  crater-cavity  of  Khouter.  In 
some  situations  the  salses  seem  to  have  vomited  forth  flame  and 
mud  from  the  same  spots  at  different  times,  at  others  these  sud- 
denly rise  from  places  not  previously  known.|     The  gases 


*  Humboldt,  '*  Fragmeiu  AsiatiqaeB."  ' 

t  Hamboldt,  '*  Ko8mo8,"->Mnd  Volcauos. 

X  Dabois  de  Montpereux  (Voyage  aiitoar  da  Caacase,  tv.,  p.  51,)  mentions, 
respecting  these  mod  Yolcanos,  that  Kookon-oba  -was  in  eruption  in  February, 
1794 ;  and  Konssou-oba  on  the  26th  April,  1818 ;  that  the  chief  eruption  of 
Gnila-gora,  near  Temrouk,  was  in  February,  1815;  that  an  island  appeared  in 
front  of  the  Isle  of  Tyrambe,on  the  10th  May,  1814.;  and  that  the  mud  volcano 
of  Taman  was  nerer  in  a  greater  state  of  activity  than  in  April,  1835.  He  com- 
mentt  on  these  eraptions  having  occurred  at  one  time  of  the  year,  remarking* 
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evolved  from  the  Balses  at  Baku,  Tainan,  and  Kertch,  and 
from  the  vicinity  of  Tiflis,  where  similar  facts  are  noticed,  deem 
not  80  well  known  as  is  desirable.  M.  Dubois  de  Montpereux 
mentions  the  emission  of  sulphuretted  hydrogen  when  the  mud 
of  Khouter  was  disturbed,  and  there  was  also  a  sulphurous 
spring  not  far  distant  M.  de  Vemeuil  gives  an  eleyation 
of  250  feet  to  some  of  the  conical  mud  accumulations  of 
Taman  and  the  Eastern  Crimea.*  Iron  pyrites  seems  to  be 
found  amid  the  ejected  mud.  As  might  be  expected,  these 
jets  of  flame,  smoke,  and  mud  occur  as  well  in  the  shallow 
water  adjoining  the  dry  land  as  upon  the  latter,  eyen  adding 
to  and  modifying  its  form.  In  1814,  flames  rose  through  the 
sea  of  Azof,  mud  was  thrown  out,  and  an  island  gradually 
produced.  Among  the  stones  ejected  at  these  eruptions  are 
limestones   and    shales  not   known  among  the  surrounding 

strata.t 

The  mud  volcanos  of  Maculaba,  near  Girgenti,  whence 
mud  and  bituminous  matter  are  thrown  out,  Dr.  Daubeny 
attributes  to  the  combustion  of  the  beds  of  sulphur  there 
associated  with  the  blue  clays,  amid  which  these  mud  erup- 
tions take  place.;!;  ^^  ascertained  that  the  gases  given  oflT 
consisted  of  carbonic  acid  and  carburetted  hydrogen.  At  the 
time  of  his  visit  the  cavities  were  small  and  filled  with  water, 
somewhat  above  the  usual  temperature  of  that  in  the  country. 


with  Pallas,  that  the  only  known  aatamnal  eruption  was  on  the  5th  September, 
1 799,  when  the  first  island  was  thrown  up.  In  the  Geological  Atlas  accompa- 
nying the  ^'  Voyage  antoor  da  Caacase,"  tiiere  is  a  plan  (pi.  xxvi.)  in  which  the 
varioos  salses  or  mad  volcanos  of  Taman  and  Kertch  are  laid  down ;  and  in  the 
Carte  G^n^rale  Gdologique  of  the  same  work,  the  districts  of  Baku  and  Tiflis 
are  included.  Section,  pi.  xxv.,  shows  the  altematioDS  of  bituminoos  shales 
and  sands  whence  a  mud  Tolcano  broke  out  near  Koutchougourei,  bordering  the 
Sea  of  Axof. 

*  **  Bulletin  de  la  Soc.  Gto.  de  France.'* 

t  Sir  R.  Murchison,  *<  Geology  of  Russia,"  p.  576. 

X  "  Description  of  Volcanos."  Alluding  to  the  oombustioD  of  the  sulphur. 
Dr.  Daubeny  remarks,  that  "  the  sulphurous  acid  being  retained  by  the 
moisture  of  the  rock,  and  gradually  converted  into  sulphuric  acid,  would  act 
upon  the  calcareous  particles,  and  give  rise  to  the  extrication  of  carbonic  add 
gas,  whilst  if  any  bituminous  matters  were  present,  the  heat  generated  might 
cause  a  slow  decomposition,  and  resolve  them  into  petroleum  and  carbaretted 
hydrogen,"  p.  267. 
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mixed  with  mud  and  bitiunen,  through  which  the  gases 
bubbled  up.  "^  Dr.  Daubeny  refers  similar  phenomena  at 
Terrapilata,  near  Caltanisetta,  and  at  Misterbianco,  near 
Catania,  to  the  same  causes. 

To  ascertain  how  &r  such  salses  or  mud  volcanos  may  arise 
from  other  than  strictly  volcanic  causes,  or  be  merely  some 
secondary  effects  produced  by  them,  it  becomes  very  desirable 
not  only  that  the  geological  structure  of  the  country  should 
be  well  examined,  but  also  that  the  gases  eyolved  should  be 
carefully  ascertained.  According  to  Humboldt  and  M.  Parrot, 
almost  pure  nitrogen  is  found  among  the  gases  evolved  from 
the  mud  volcanos  of  the  peninsula  of  Taman,  and  the  former 
mentions  hydrogen  mixed  with  naphtha  as  emitted  from  salses 
of  this  kind.  We  have  seen  that  carburetted  hydrogen  and 
carbonic  acid  are  emitted,  and  that  sulphuretted  hydrogen  is 
noticed  amid  the  mud  of  one  thrown  out  near  Kertch. 
Stones  being  ejected  in  the  Taman  and  Kertch  district  dif- 
ferent from  those  forming  the  adjacent  rocks,  would  certainly 
point,  as  Sir  R.  Murcliison  has  remarked,!  to  an  action  more 
deep  seated  than  the  combustion  of  the  bituminous  beds  amid 
which  the  salses  are  found,  and  certainly  deposits  of  that  kind 
might  cover  volcanic  vents,  which,  though  usually  in  a  dormant 
state,  may  from  time  to  time  manifest  some  minor  activity, 
furnishing  aqueous  vapour  (cooled  into  water  of  moderate 
temperature  before  it  rises  to  the  surface),  and  producing 
conditions,  from  the  distillation  of  some  of  the  bituminous 
deposits,  by  which  carburetted  hydrogen  may  be  evolved  and 
carbonic  acid  formed.  In  cases  where  nearly  pure  nitrogen  is 
emitted,  as  near  Taman,  it  would  appear,  assuming  that  sub- 
stance to  have  been  derived  from  the  atmosphere,  as  if  common 
air  passing  into  the  earth,  perhaps  mixed  with  water,  had  been 
deprived  of  its  oxygen  beneath,  during  the  combustion  of  the 
bituminous  substances,  the  water  driven  off,  if  not  decomposed, 
and  the  nitrogen  uncombined,  evolved.     Be  this  as  it  may, 

*  It  is  fftated  that  at  times  **  the  mad  haa  heen  Imown  to  be  thrown  np  to 
the  height  of  200  feet,  accompanied  by  a  strong  odour  of  sulphor." — Danbeny, 
*«  Volcanos^**  p  266. 

t  **  Geology  of  Russia  in  Europe  and  the  Ural,**  vol.  i.,  p.  576. 
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any  differenees  or  resemblanceB  in  the  gaseous  sabstances 
emitted  require  consideration.  Naphtha  and  the  thicker  bitu- 
mens are  at  present  so  scattered  over  various  parts  of  the 
world,  that  though  certain  localities  may  abound  with  them 
more  than  others,  they  appear  to  show  little  beyond  the  con- 
version of  some  organic  matter,  accumulated  under  variable 
conditions,  into  that  form.*  Inflammable  gases  have  also  been 
found  evolved  from  the  earth,  not  only  in  connexion  with  bitu- 
minous and  coal  deposits,  but  under  other  circumstances, 
where  no  volcanic  action  is  required  for  their  production,  as, 
for  example,  at  the  salt-mines  of  Gottesgabe,  at  Reine,  in  the 
county  of  Tecklenberg,t  and  from  borings  for  salt  in  America,} 
and  China.§ 

With  regard  to  the  rise  of  boracic  acid  with  the  steam  at 
the  lagunes  near  Yolterra,  in  central  Italy,  accompanied  by 
carbonic  acid  and  sulphuretted  hydrogen,  it  has  been  referred 
to  volcanic  action  beneath  the  rocks  in  which  the  lagunes 


*  Naphtha  springs  seem  to  oontinae,  in  some  cases,  at  least,  in  the  same  state 
daring  a  long  lapse  of  time,  pointing  to  the  long  duration  of  the  needfbl  condi- 
tions. Thus  according  to  Dr.  Holland  ("  Travels  in  the  Ionian  Isles,  Albania, 
ftc,")  the  pretroleom  springs  of  Zante  are  in  the  same  state  as  when  described 
by  Herodotus.  The  pitch  lake  of  Trinidad  is  a  good  example  of  a  conaderable 
collection  of  the  more  solid  bitumens.  It  is  estimated  at  about  three  miles  in 
circumference,  though  its  exact  boundaries  are  difficult  to  trace,  in  consequence 
of  the  soil  which  covers  parts  of  it,  fW>m  which  crops  of  tropbical  productions 
are  obtained.  (Nugent,  Geol.  Trans.,  vol.  i.)  According  to  Captain  Alexander 
(Edinburgh  PhiL  Journal,  January,  1883),  masses  of  this  pitch  advance  into 
the  sea  at  Pointe  la  Braye.  The  same  author  notices  an  assemblage  of  salaes 
or  mud  volcanos  at  Pointe  du  Cae,  40  miles  southward  from  the  pitch  lake,  the 
largest  about  150  feet  in  diameter. 

t  The  gas  is  obtuned  from  the  abandoned  pits,  and  is  considered  to  consist 
of  carburetted  hydrogen  and  defiant  gas.  It  was  employed  by  M.  Boders,  the 
inspector  of  the  mines,  for  lighting  and  cooking,  being  conveyed  to  the  houses 
by  pipes. 

X  While  boring  for  salt  at  Rocky  Hill,  in  Ohio,  near  Lake  Erie,  the  borer 
suddenly  fell  after  they  had  driven  to  the  depth  of  197  feet.  Salt  water  im- 
mediately rushed  forth,  and  was  succeeded  by  a  considerable  outburst  of  an 
inflammable  gas,  which  being  ignited  by  a  fire  in  the  vicinity,  consumed  all 
within  its  reach. 

i  At  Thsee-lieou-tsing,  (previous  note,  p.  473,)  according  to  M.  KlaproCh,  a 
jet  of  inflammable  gas  from  a  locality  also  producing  salt  water,  was  burning 
from  the  second  to  the  thirteenth  century  of  our  era,  at  about  80  11  S.  W.  fifom 
Kioung-tcheou. 
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are  situated.  That  great  heat  exists  beneath  is  certain, 
but  how  far  this  heat  may  now  be  considered  volcanic  and  dis- 
tinct from  a  more  general  dispersion  of  an  elevated  tempera- 
ture beneath  the  surface  of  the  ground,  more  intense  at  some 
points  than  at  others,  seems  not  so  certain.  The  boracic  acid  is 
found  in  combination  with  ammonia,  as  well  as  free,  and  Dr. 
Daubeny  remarks  that  its  presence  in  the  steam  may  arise 
from  the  aqueous  vapour  passing  over  this  substance,  and 
carrying  it  upwards  in  mechanical  suspension,  as  steam,  by 
experiment,  has  heexk  found  capable  of  effecting.* 

Earthquakes. — ^It  has  been  seen  that  prior  to,  and  sometimes 
during,  volcanic  eruptions,  the  country  in  the  vicinity  has  been 
disturbed  by  vibrations,  as  if  from  time  to  time  certain  resist- 
ances to  these  volcanic  forces  were  suddenly  overcome.  The 
rending  of  rocks  by  fissures,  such  as  have  been  previously 
noticed,  could  scarcely  but  produce  vibrations,  supposing  the 
needful  tension  and  cohesion  of  parts.  It  is  by  qo  means  re- 
quired that  these  fissures  should  always  rise  to  the  sur£ace  of 
the  ground ;  indeed,  in  many  volcanic  accumulations,  the  rents 
formed,  and  subsequently  filled  with  molten  rock,  are  observed 
to  terminate  before  they  reach  it.  From  the  absence  of  the 
proper  cohesion  of  parts  amid  great  masses  of  ashes  and  cm- 
ders,  tiiese  may  so  yield,  tiiat  tiiough  a  fissure  might  be  sud- 
denly produced  in  more  solid  matter  beneath  them,  they  could 
adjust  themselves  above  in  a  very  general  manner  over  its 
upward  termination. 

It  would  be  anticipated  that,  all  other  things  being  equal, 
vibrations  of  the  ground  around  volcanos  would  be  more 
intense  after  a  vent  had  long  been  closed  and  dormant,  so  that 
time  for  the  consolidation  of  tuff  beds  had  elapsed,  the  whole 
well  braced  together  by  lava  streams  of  various  dimensions, 
than  when  the  vent  was  still  open,  the  volcano  active,  and  the 
ashes  and  cinders  incoherent.     It  may  also  be  inferred  that  a 


*  By  employing  the  heat  of  the  saperabundant  vapour,  the  water  coUected 
in  artificial  ponds  is  sufficiently  evaporated  to  dispense  with  fiiel,  and  the  boracic 
acid  obtained  at  small  cost  These  lagnnes  fhrnish  abont  1,650,000  lbs.  of 
boracic  add  annually,  sufficient,  when  purified  and  mixed  with  soda,  fbrming 
borax,  nearly  for  the  supply  of  Europe.~Daiibeny,  **  Volcanos,"  p.  166. 
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certain  thickness  of  Hrachyte,  dolerite,  Or  basalt,  if  not  too 
much  divided  by  columnar,  or  other  joints,  would  offer  greater 
resistance  to  any  given  volcanic  force  employed  than  tuff  beds, 
unless  these  were  so  changed  and  consolidated  as  to  assume  the 
character  of  palagonite,  or  others  of  that  dass.  Again,  dif- 
ferent effects  would  be  expected  from  the  resistance  of  inter- 
mingled sheets  of  tuff  and  rocks  which  had  been  in  fusion, 
stich  as  those  described  as  occurring  in  the  Val  del  Bove, 
Etna,  and  where  similar  substances  are  mixed,  as  narrow  lava 
streams  and  irregular  piles  of  matter,  in  both  cases  prior 
fissures,  more  or  less  filled  by  dykes  of  lava,  considerably 
modifying  the  effects  produced. 

A  connexion  has  often  been  inferred  to  exist  between  yolcanic 
eruptions  and  vibrations  of  the  ground  at  distances  fiur  beyond 
the  immediate  vicinity  of  the  former,  as  if  the  voleanoe  were 
great  safety-valves,  through  which,  under  ordinary  circum- 
stances, a  certain  amount  of  force  escaped,  mere  local  dis- 
turbances being  thereby  produced ;  while  at  others,  from  the 
overloading  of  the  valves,  or  a  greater  exertion  of  power, 
larger  portions  of  the  earth's  crust  were  shaken.  Without 
including  dormant  or  extinct  volcanos,  active  vents,  as  has 
been  seen  (p.  460),  are  so  widely  dispersed  over  diflerent 
parts  of  the  world,  that  considerable  areas  may  readily  be 
disturbed  by  vibrations  more  or  less  depending  upon  general 
conditions,  of  which  tiie  discharge  of  molten  rock,  vapours, 
and  gases,  at  certain  points,  is  only  one  of  the  effects  thereby 
produced.  Hence,  as  respects  this  mode  of  viewing  the  sub- 
ject, volcanic  eruptions  and  earthquakes  may  be  intimately 
connected,  volcanic  eruptions  being  equally  regarded  in  the 
same  general  manner,  and  several  other  adjustments  of  the 
earth's  surface  included,  by  which  great  fissures  have  been 
formed^  and  huge  masses  of  rocks  squeezed,  broken,  and 
thrust  up  into  great  ridges  and  mounds  of  varied  forms  and 
magnitude. 

Many  instances  are  given  of  the  inferred  connexion  between 
earthquakes  and  volcanic  eruptions,  as,  for  example,  the  sud- 
den disappearance  of  smoke  in  the  volcano  of  Pasto,  when 
the  prorince  of  Quito,  192  miles  distant,   was  so  violently 
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sbalLen  by  the  great  earthquake  of  Riobamba,  on  the  4th 
of  February,  1797,  and  the  sudden  tranquillity  of  Stromboli 
from  its  otherwise  constant  activity,  during  the  great  earth- 
quake in  Calabria,  in  1783«  As  we  are  quite  assured  that  in 
minor  areas  there  is  ofl;en  much  vibration  of  the  ground  prior 
to  such  eruptions,  and  that  subsequently  to  them  tranquillity  is 
restored,  at  least  for  a  time,  an  observer  would  be  led  to 
inquire  how  far  such  apparent  causes  and  effects  may  be 
extended.  Herein  caution  is  much  needed^  so  that,  from  a 
preconceived  opinion,  accidental  drcumstances  may  not  have 
an  undue  value  asagned  them,  some  of  the  inferences  drawn 
respecting  the  immediate  connexion  between  ^ven  earthquakes 
and  the  eruptions  fit)m  certain  volcanos  being  scarcely  borne 
out  by  the  &cts  adduced. 

It  would  be  anticipated  that  in  regions  of  volcanos,  such  as 
those  of  South  America,  great  vibrations  of  the  ground  should 
be  experienced,  these  vibrations  extending  to  variable  distances, 
not  only  according  to  their  intensity,  but  also  to  the  kinds  of 
rocks  through  which  they  are  transmitted.  In  certain  regions 
earthquakes  are  sometimes  of  such  frequent  occurrence,  that 
except  when  of  particular  intensity  they  are  so  little  re* 
garded,  that  those,  and  similarly  circumstanced  portions  of  the 
earth's  surface,  may  be  considered  in  a  more  unstable  state 
than  others.  The  great  earthquake  of  Chili,  in  1835,  was 
merely  one  of  a  more  intense  kind  in  a  district  often  shaken 
by  such  vibrations.  It  is  described  as  having  been  felt  from 
Copiapo  to  Chiloe  in  one  direction,  and  from  Mendoza  to  Juan 
Fernandez  in  another ;  and  the  volcanos  of  that  part  of  tiie 
Andes  are  noticed  as  having  been  in  an  unusual  state  of  acti- 
rity  prior  to,  during,  and  subsequent  to  it.  In  a  previous 
earthquake  (1822)  the  same  region  of  South  America  was 
shaken  through  a  distance,  from  north  to  south,  of  about  1200 
miles. 

With  respect  to  the  areas  actually  disturbed  by  earthquakes^ 
as  waves  are  necessarily  raised  by  them  in  tiie  sea  adjoining 
the  lands  shaken,  or  by  the  vibration  of  the  rocks  beneath  it, 
attention  has  to  be  directed  as  to  the  amount  of  dry  land 
disturbed,  and  the  extent  to  which  any  adjoining  portion  of  the 
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sea  bottom  may  have  been  simultaneously  shaken.  For  in-* 
stance,  this  has  to  be  done  with  the  great  earthquake  of 
Lisbon,  the  area  disturbed  being  represented  as  spread  oyer  a 
large  portion  of  the  Northern  Atlantic,  and  comprising  a  part 
of  North  America,  with  some  of  the  West  India  Islands  (An- 
tigua, Barbadoes,  and  Martinique)  on  the  one  side,  and  a  part 
of  Northern  Africa  and  a  large  portion  of  Western  Europe  on 
the  other.  In  such  a  case  the  extent  to  which  the  sea-wave 
produced  by  earthquakes  may  have  been  propagated,  has  to  be 
well  considered.*  The  known  amount  of  dry  land  shaken  in 
Europe  was  alone  very  large,  comprising  Portugal,  Spain, 
France,  the  British  Islands,  the  southern  portions  of  Norway 
and  Sweden,  Denmark,  Germany,  Switzerland,  and  the  north 
of  Italy. 

As  respects  earthquakes,  the  transmission  of  the  vibrations 
has  to  be  regarded  with  especial  reference  to  the  kind  of 
substances  through  which  an  earthquake-wave  may  have  to 
pass,  so  that  even,  for  illustration,  assuming  the  impulses 
given  to  be  equal,  the  extent  of  the  vibrations  and  their 
amount  might  be  very  materially  modified.!  Mr.  Mallet 
infers  that  an  earthquake  ^^  is  the  transit  of  a  wave  of  elastic 
impression  in  any  direction,  from  vertically  upwards  to  hori- 
zontally in  any  azimuth,  through  the  crust  of  the  earth,  from 
any  centre  of  impulse,  or  from  more  than  one,  and  which  may 


*  SirObarles  Lyell  (Principles  of  Geology,  7th  edit,  p.  344),  calls  atten- 
tion to  the  great  Lisbon  shock,  as  having  oome  in  from  the  ocean,  remarkisg 
that  **  a  line  drawn  through  the  Grecian  Archipelago,  the  volcanic  region  of 
Southern  Italy,  Sicily,  Southern  Spain,  and  Portugal,  vill,  if  prolonged  west- 
ward through  the  ocean,  strike  the  rolcanic  group  of  the  Azores ;"  hence 
inferring,  as  probable,  thdr  submarine  connexion  wiUi  the  Earopean  line. 

t  Mr.  Mallet  (Naval  Manual  of  Scientific  'Ruqui^,  Art.  Earthquakes,  p. 
197),  in  order  to  illustrate  the  transmission  of  waves  through  different 
materials,  supposes  a. person  to  stand  upon  a  line  of  rulway,  near  the  nil, 
and  that  a  heavy  blow  be  struck  upon  the  latter  a  few  hundred  feet  distant. 
"  He  will,"  Mr.  Mallet  remarks,  "  almost  instantly  hear  the  wave  through  the 
iron  rail ;  directly  after  he  will  feel  another  wave  through  the  ground  on 
which  he  stands ;  and,  lastly,  he  will  hear  another  wave  through  the  air ;  and 
if  there  were  a  deep  side-di^n  to  the  railway,  a  person  immersed  in  the  water 
would  hear  a  wave  of  sound  through  it,  the  rate  of  transit  of  which  would  be 
different  fh>m  any  of  the  others— all  these  starting  from  the  same  point  at  the 
same  time/ 
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be  attended  with  tidal  and  sound  wares,  dependent  upon  the 
impulse,  and  upon  the  circumstances  of  position  as  to  sea  and 
land."  At  the  same  time,  he  admits  that  the  truth  of  this 
view  has  not  yet  been  fully  and  experimentally  demonstrated. 

The  movement  of  the  great  earth-wave*  is  commonly  classed 
as  undulatory  or  vertical,  as  the  ground  may  be  observed  to 
roll  onward  in  a  given  direction,  or  simply  rise  and  fall  in  a 
nearly  perpendicular  manner.  We  have  descriptions  in  the 
one  case,  of  the  surface  of  the  ground  moving  in  a  wave«like 
manner,  and  in  the  other,  of  a  mere  sudden  rise  and  fall,  as  far 
as  regards  a  particular  locality.  Of  the  latter,  the  great  earth* 
quake  experienced  at  Riobamba,  in  1797,  would  appear  an 
excellent  example,  many  bodies  of  the  inhabitants  having,  accord- 
ing to  Humboldt,  been  hurled  to  a  height  of  several  hundred 
feet  on  the  hill  of  La  Cullca,  beyond  the  small  river  of  Lican.t 
We  may  readily  infer,  that  these  two  classes  of  earthquake 
movements  are  only  modifications  of  the  same  thing,  and  that 
while  a  spot,  such  as  the  town  of  Riobamba,  situated  imme- 
diately over  that  where  the  impulse  was  given,  should  be  lifted 
suddenly  upwards,  the  same  shock  would  appear  to  travel 
outwards  to  various  distances  around,  in  the  manner,  as  often 
noticed,  of  waves  on  the  surface  of  water  into  which  a  stone 
has  been  cast. 

With  respect  to  the  vorticose  movement,  which  has  been 
often  regarded  as  another  class  of  earthquake  motion,  we  may 
also,  with  Mr.  Mallet,  consider  it  as  only  a  modification  of  the 
same  kind  of  shock.  With  regard  to  the  two  obelisks  at  the 
Convent  of  St.  Bruno,  at  Stefano  del  Bosco,  the  stones  of  which 
were  twisted  on  a  vertical  axis  in  a  similar  manner,  without 
falling,  during  the  great  Calabrian  earthquake  of  1783,j:  and 
inferred  well  to  illustrate  this  movement,  Mr.  Mallet  has  shown, 

*  (Admiralty  Manual  of  Scientific  Enquiry,  Art,  Earthquakes.) — Mr.  Mal- 
let defines  the  **  great  earth-wave"  as  the  *'  true  shock,  a  real  roll  or  undulation 
of  the  surfiioe  travelling  with  immense  velocity  outwards  in  every  direction 
from  the  centre  of  impulse." 

f  "  Kosmos,"  Art.  Earthquakes. 

i  Figures  and  descriptions  of  these  obelisks  are  given  by  Sir  Charles  Lyell,  in 
his  "  Principles  of  Geology,"  and  in  Dr.  Daubeny^s  "Description  of  Volcanos," 
taken  from  the  Transactions  of  the  Royal  Academy  of  Naples. 
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that  this,  and  other  cases  of  a  similar  kind,  may  be  explained  by 
the  transmission  of  the  ordinary  shock,  under  a  modification  of 
circumstances  by  which  the  rectilinear  is  conyerted  into  a 
curvilinear  motion.*  In  the  same  manner,  when  the  compli- 
cated structure  of  some  parts  of  the  earth's  surfiice  is  consi- 
dered, particularly  where  igneous  rocks  hare  been  extended 
among,  or  otherwise  much  intermingled  with,  other  accumula- 
tions, the  obserrer  may  have  reason  to  infer  that,  during  the 
transmission  of  an  earthquake-wave,  the  various  parts  of  the 
whole  may  sometimes  be  so  circumstanced,  that  a  kind  of  twist 
may  be  locally  given  to  considerable  masses. 

Taking  the  great  earth-wave  as  the  base  of  all  the  move- 
ments, however  modified  this  may  be  according  to  conditions, 
the  waters  of  seas,  lakes,  or  rivers,  resting  or  flowing  upon 
the  solid  crust  of  the  globe,  will  have  the  shock  commu- 
nicated to  them.  When  we  look  at  the  present  distribution  of 
land  and  sea,  and  consider  earthquakes  in  their  generality, 
these  are  quite  as  likely,  if  not  more  so,  to  have  been  produced 
by  impulses  received  beneath  parts  of  the  great  ocean  as  on  the 
dry  land.  As  the  rate  at  which  the  earth-wave  would  travel, 
under  such  circumstances,  would  be  greater  than  that  at  which 
the  vibration  transmitted  to  the  water  would  proceed,  two 
waves,  as  Mr.  Mallet  has  pointed  out,  will  result.  One  will  arise 
from  the  vibration  along  the  suiface  of  the  ground,  in  contact 
with  the  bottom  of  the  superincumbent  water,  and  becoming 
apparent  in  shallow  water ;  the  other  from  the  heaping  up  of  the 
water  £^bove  a  vertical  uprise  of  the  sea  bottom,  such  as  we  may 
\  suppose  given  if  Biobamba,  in  1797,  had  been  beneath  the  sea. 

The  first  is  named  by  Mr.  Mallet,  the  "  forced  sea-wave,"  seen 
when  the  shock  or  earth-wave  passes  beneath  or  into  shallow 
*  water,  whether  the  earthquake  travels  from  seaward  inland, 
or  the  reverse:  the  second  he  terms  the  "great  sea-wave." 


*  Mr.  Mallet  remarks  (Admiralty  Mannal  of  Scientific  Enquiry,  Art.  Earth- 
qnakes),  that  "  this  motion  arises  from  the  centre  of  gravity  of  the  body  lying  to 
one  side  of  a  vertical  plane  in  the  line  of  shock, '  passing  through  that 
point  in  the  base  on  which  the  body  rests,  in  which  the  whole  adherence,  by 
friction  or  cement  of  the  body  to  its  support,  may  be  snpposed  to  unite,  and 
which  may  be  called  the  centre  cfadhetion." 
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Hie  geological  importance  of  the  ^*  forced  sea-wave/'  would 
seem  much  to  depend  upon  the  distance  at  which  any  shore  or 
shallow  water  may  be  from  the  spot  where  a  chief  vertical 
movement,  either  inland  or  beneath  the  sea,  has  been  given. 
If  this  were  in  the  ocean  far  distant  fr*om  the  land,  or  shallow 
water,  the  movement  communicated  to  the  sea  would  be 
small,  as  also  if  the  shock  came  from  the  dry  land  with  little 
intensity,  either  from  the  original  impulse  having  been  unim- 
portant, or  of  its  force  being  nearly  expended.  Should,  how- 
ever, the  vertical  movement  of  the  earth-wave  be  close  to  a 
coast,  whether  on  the  sea  or  land  side,  or  beneath  shallow  water, 
then  the  ** forced  sea-wave"  may  merge  in  the  "great  sea- 
wave,"  su£Bcient  distance  not  existing  to  permit  much  distinction. 
The  one  wave  would  precede  the  other  under  ordinary  condi- 
tions, the  "great  sea- wave"  throwing  huge  masses  of  water 
upon  the  land,  mechanically  disturbing  sea-bottoms  to  a  great 
extent,  and  often  producing  effects  of  considerable  geological 
importance.  As  Mr.  Mallet  has  remarked,  while  a  "great 
sea-wave"  may  be  so  broad  and  low  in  deep  water  as  not  to  be 
observed  in  the  open  ocean,  it  could  break  with  great  force  on 
a  coast  or  in  shallow  water. 

It  will  be  convenient,  as  has  been  pointed  out  by  Mr.  Mallet, 
so  to  classify  observations  on  earthquakes,  that  things  accessory 
may  be  separated  from  those  which  are  material.  Unfortu- 
nately, as  has  been  remarked  by  Sir  Charles  Lyell,**"  it  is  only 
in  comparatively  recent  times  that  earthquake  phenomena  have 
been  studied  with  reference  to  their  real  geological  bearing, 
accounts  of  the  lives  and  properties  destroyed,  with  now  and 
then  a  notice  of  a  new  lake  or  island  produced  at  the  time, 
having  chiefly  occupied  attention.  Whatever  may  cause  the 
shock,  whether  fr*om  a  portion  of  the  earth  being  suddenly 
thrown  into  motion,  without  violent  rupture,  viewing  the  subject 
on  the  large  scale,  or  from  sudden  and  violent  fracture,  the 
observer  has  to  consider  not  only  the  depth  beneath  the  surface, 
where  the  impulse  may  be  given,  but  also  the  mineral  masses 

♦  **  Principles  of  Geology,"  7th  edit^  p.  431. 
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through  which  the  waves  have  to  be  transmitted,  both  as  r^ards 
the  kind  and  relative  position  of  those  masses. 

During  violent  volcanic  eruptions,  when,  as  for  instance,  in 
that  of  Tomboro,  in  Sumbawa,  on  the  5th  April,  1815,  the 
detonations  were  heard  as  far  as  970  miles,  and  with  such  dis- 
tinctness, and  so  loud  at  Macassar,  217  miles  distant,  that  a 
vessel  of  war  was  sent  out  with  troops  in  search  of  supposed 
pirates  engaged  in  the  neighbourhood;  it  may  be  assumed 
that  vibrations  of  the  earth  would  radiate  around,  as  from  any 
point,  a,  in  the  annexed  plan  (fig.  145),  which  may  represent 

Fig.  145. 


any  district  having  such  a  centre  of  disturbance.  Assuming  the 
roar  of  any  great  volcanic  eruption,  such  as  that  at  Tomboro, 
to  arise  from  the  violent  discharge  of  the  vapours,  gases,  cinders, 
and  ashes  through  the  crater,  the  vibrations  thereby  produced 
in  the  adjacent  mineral  accumulations  would  be  felt  more  or 
less  horizontally,  according  to  the  variable  composition  and 
solidity  of  the  substances  shaken.  Should  the  cause  of  the  earth- 
quake-waves be  deep  seated^  the  vibrations  on  the  suriace 
would  correspond  with  the  radiation  of  the  waves  from  their 
centre  of  ori^n,  so  that  there  would  be  a  point  where  the  shock 
would  be  felt  vertically.*  If  J  c  (fig.  146)  be  supposed  a  section 

Fig.  146. 


*  The  great  Lisbon  earthquake  of  1755,  felt  so  severely  aroniid  a  space  Dear 
that  city,  has  been  considered  a  good  example  of  a  radiating  earthquake  with  a 
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of  part  of  the  earth's  crusty  and  a  a  point  in  a  curve,  250  miles 
beneath  the  surfisu^e,  where  an  impulse  is  ^ven  producing  earth- 
quake-waveSy  these  would  strive  to  radiate  around,  so  far  as 
reastaoceB  or  facilities  would  permit,  in  spherical  shells.  If  the 
substance  tbrou^  which  the  wave  passed  was  bonnogeneous,  as, 
for  example,  a  piece  of  iron,  the  wave  would  first  traverse  the 
distance  a«,  then  aef,  a/,  and  ag^  in  succession,  the  shock 
being  felt  most  vertically  as  regards  the  surface  of  the  iron  at 
«,  and  more  laterally  at  fy  and  most  so,  as  regards  the  section, 
at  g.  Geological  investigations  show  us  that  the  composition 
of  the  mineral  substances,  forming  so  much  of  the  earth's  sur- 
&ce  as  we  have  the  power  of  examining,  their  state  of  solidifi- 
cation, and  their  mode  of  accumulation,  are  very  variable. 
Hence,  if  in  the  foregoing  section,  instead  of  a  homogeneous 
body,  we  may  suppose  a  great  mass  of  mineral  matter,  granite 
for  example,  supporting  two  accumulations,  one  at  &,  arranged 
in  beds  of  a  hard  cohei^ent  substance,  such  as  compact  lime- 
stone, and  another  at  e,  formed  of  strata  slightly  cemented,  or 
loose  sands  and  pebbles,  the  observer  will  see  that  the  shock 
striking  at/ might  be  transmitted  readily  along  the  planes  of 
the  limestone  beds,  while,  though  the  shock  would  strike  the 
loose  £u»umulations  at  e  more  laterally,  tlie  wave  might  be 
there  more  complicated  from  the  want  of  sufficient  coherence  of 
parts. 

Numerous  modifications  of  the  arrangements  above  noticed 
will  readily  suggest  themselves,  more  particularly  as  regards 
the  interruptions  to  the  course  of  earthquake-waves  by  contorted 
and  variably  intermingled  masses  of  solid  and  loosely  aggre- 


deep-seated  soiirce.  The  earthquake  of  1828,  experienced  in  the  Netherlands 
and  Rhenish  ProYinoes,  is  inferred  to  have  been  radia^ng,  though  less  deeply 
seated.  The  area  most  shaken  formed  an  ellipse,  comprising  Bmssels,  Lidge, 
and  Maestricht,  and  the  shocks  radiated  to  Westphalia,  and  to  Middelburg  and 
Vliessingen.  Referring  to  the  great  Calabrian  earthquake  of  1 783,  also  con- 
sidered somewhat  central.  Dr.  Daubeny  remarks  (Description  of  Volcanos,  2nd 
ed.,  p.  515,)  after  mentioning  certain  movements  noticed,  that  such  earth- 
quakes may  have  *'the  impelling  force  situated  along  a  particular  line  of 
ooontiy,  although  at  the  points  at  which  it  is  exerted  in  its  greatest  intensity, 
the  vibrations  are  propagated  with  greater  or  less  violence  in  all  directions 
around.*' 
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gated  rooks  in  mountainons  districts,  by  the  long  wide-spread 
sheets  of  interstratified  and  dissimilar  substances  in  some 
regions,  by  the  fractures  and  alterations  of  mineral  masses  in 
others,  and  by  the  mixture  of  active  yolcanic  districts  with  those 
of  Tery  different  origin.  It  would  be  inferred  that,  on  the 
minor  scale,  a  shock  may  be  modified  in  apparent  direction  and 
intensity  when  felt  amid  horizontal,  or  nearly  horizontal  beds, 
composed  of  difierent  rocks,  such  as  in  the  following  plan 
(fig.  147),  where/  may  represent  a  limestone,  eg  a  clay,  dha 

Fig.  147. 
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sandstone,  and  exK  conglomerate,  resting  in  a  trough-shaped 
cavity,  as  shown  in  the  annexed  section  (fig.  148)  of  the  same 

Fig.  148. 
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piece  of  country,  formed  of  hard  slates  and  limestones,  which  had, 
previously  to  the  deposit  of  the  first-named  beds,  been  thrown 
into  a  vertical  position.  Taking  the  shock  to  pass  in  the  direc- 
tion a  b,  it  could  easily  traverse  the  line  of  vertical  rocks  beneath 
in  that  direction,  while  both  the  duration  and  intensity  may  be 
found  modified  in  any  town  situated  upon  the  central  limestone, 
perhaps  a  stripe  many  miles  in  length,  joining  finally  with  a 
considerable  sheet  of  the  same  substance.  It  sometimes  hap- 
pens that  earthquakes  do  not  afiect  certain  upper  beds,  while 
the  shock  is  continued  beneath  and  transmitted  onwards. 
Humboldt  states,  that  such  upper  strata,  rarely  if  ever  shaken, 
are  by  the  Peruvians  termed  bridges,* 

*  <*  Kosmos,"  (Earthquakes).  Remarking  on  this  circiimstance,  Homholdt 
observes  (Notes),  that  "  these  local  interruptions  to  the  transmission  of  the 
shock  through  the  upper  strata,  seem  analogous  to  the  remarkable  phenomenon 
which  took  place  in  the  deep  silver  nunes  of  Marienberg,  in  Saxony,  at  the 
beginning  of  the  present  century,  -when  earthquake  shocks  drove  the  miners  in 
alarm  to  the  surface,  where,  meanwhile,  nothing  of  the  kind  had  been  ezpe- 
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Careful  observation  shows  that  shocks  are  more  readily  trans- 
mitted in  certain  lines  in  particular  localities  than  others,  much 
necessarily  depending  on  the  direction,  either  vertically  or 
laterally,  from  whence  these  vibrations  come,  the  minor  ad- 
justment of  parts  so  lost  occasionally  amid  the  whole  mass 
shaken,  as  not  to  be  very  readily  appreciated.  This  could 
scarcely  otherwise  than  happen,  when  the  source  of  the  shocks 
remain  for  any  length  of  time  sufficiently  fixed,  and  the  rela- 
tive position  and  structure  of  the  rocks  composing  a  region, 
continue  unaltered.*  Changes  in  this  arrangement  have  been 
noticed  even  within  the  last  60  years,  sufficient  to  show  that,' 
either  from  local  modifications  in  the  causes  of  earthquakes,  or 
in  their  efiects,  adjustments  of  the  kind  may  become  perma- 
nently altered.  Humboldt  mentions  that  since  the  destruction 
of  Cumana,  on  the  14th  of  December,  1797,  the  range  of 
earthquake  vibration  in  that  district  has  so  changed,  that  every 
shock  has  since  that  time  extended  to  the  peninsula  of  Mani- 
quarez,  which  did  not  previously  happen.  He  also  points  to 
the  gradual  advance  of  the  almost  uninterrupted  earthquake 
shocks  from  south  to  north,  up  the  valleys  of  the  Mississippi, 
the  Arkansas,  and  the  Ohio,  between  1811  and  1813,  as  show- 
ing that  the  subterranean  obstacles  to  the  propagation  of  the 
earthquake  waves  had  been  as  gradually  removed.t 

When  earthquake-waves  traverse  mountain  chains,  as  they 
have  been  known  to  do,  across  the  lines  of  their  general  range, 
the  composition  of  such  mountains  requires  much  attention. 
If  merely  long  ridges  of  a  homogeneous  rock,  such  as  granite 

rienced.  The  convene  phenomenon  was  observed  in  November  1823,  'when 
the  workmen  in  the  mines  of  Fahlun  and  Persberg  felt  no  movement  whatever, 
whilst  above  their  heads  a  violent  earthquake  shock  spread  terror  among  the 
inhabitants  of  the  surface." 

*,The  Cordilleras,  extending  fmtn  north  to  soadi,  and  a  transverse  line 
ranging  from  the  Island  of  Trinidad  to  New  Granada,  are  considered  to  be 
shaken  in  a  marked  manner.  **  In  a  line  with  both  these  ranges,"  observes 
Dr.  Daabeny,  **  frightful  earthquakes  have  occurred,  as  at  Lima,  Callao, 
Riobamba,  Quito,  Pasto,  Cumana,  Caraccas,  &c..  by  which  40,000  persons  have 
been  known  to  be  at  one  time  destroyed.  In  all  these  cases  the  greater  effects 
have  not  only  been  confined  to  the  range  of  tlie  mountains,  but  have  pursued 
the  direction  of  the  coast.*' — Description  of  Volcanos,  p.  516. 

f  Kosmoa,  Ait.  Earthquakes. 
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or  the  like,  that  may,  as  in  the  subjoined  section  (fig.  149), 
descend  beneath  yarious  subaqueous  accumulations,  c  and  d,  an 

Fig.  149. 


earthquake-wave  could  readily  be  transmitted  across  the  ridges 
a  and  b  from  0  to  y^  in  preference  to  lines  corresponding  with 
them,  should  this  be  the  general  direction  of  the  wave  in  ac- 
cordance with  the  impulse  given.  In  estimating  the  transmis- 
sion of  an  earthquake-wave  through  any  portion  of  the  earth's 
crust,  the  observer  will  thus  have,  as  it  were,  to  dissect  the 
portion  shaken,  endeavouring  to  separate  the  minor  from  the 
major  effects,  duly  weighing  the  probability  of  the  undulation 
passing  tiirough,  or  along  such  mountain  chains  as  tiie  Alps, 
Andes,  and  Himalaya,  according  to  the  depth  of  its  cause.  He 
has  also  to  see  if  the  shocks  experienced  along  great  lines,  cor- 
responding with  those  of  accumulations,  however  contorted  and 
broken  these  are,  may  be  merely  regarded  as  subordinate  to 
a  major  motion,  modified  according  to  conditions,  or  be  con- 
formable to  the  general  range  of  the  earthquake-wave,  re- 
garded with  reference  to  the  total  mass  shaken. '^  The  rocks 
of  the  same  region  may  be  differently  affected  if  the  wave  be 
propagated  from  a  great  depth,  than  when  the  undulation  has 
been  produced  by  a  less  deep-seated  cause.  The  transmission 
of  the  wave  amid  them  might,  in  the  first  case,  be  a  mere 
modification  of  some  great  movement,   common,  as  in  the 


*  As  regards  the  range  of  cartfaqnake-wayes  along  or  across  mountain 
chains,  Humboldt  remarks  (Kosmos,  Art,  Earthquakes),  after  advertiag  to 
mountains  transmitting  shocks  in  lines  corresponding  with  the  walla  of  the 
fissures  along  which  they  may  be  rused,  that  earthquake-wayes  sometimes  **  in- 
tersect seyeral  chains  almost  at  right  angles ;  an  example  of  which  ooenrs 
in  South  America,  where  they  cross  both  the  littoral  chain  of  Venemela  and 
the  Sierra  Parime.  In  Asia  shocks  of  earthquakes  have  been  propagated  from 
Lahore  and  the  foot  of  the  Himalaya  (22ud  of  January,  1832),  across  the 
chain  of  the  Hindoo  Coosh,  as  far  as  Badakschan,  or  the  Upper  Oxus,  and 
even  to  Bokhara."  As  regards  earthquake-waves  traversing  mountain  ranges. 
Dr.  Daubeny  (Description  of  Volcanos,  2nd  edit,  p.  516)  quotes  also  that  of 
1828,  which  crossed  the  Apennines  from  Voghera,  by  Bochetta,  to  Genoa. 
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Lisbon  earthquake,  to  a  large  portion  of  the  earth's  crust, 
while  in  the  second  the  same  rocks  may  be  directly  acted  upon 
in  the  first  instance.  Hence  the  importance  of  observatious  as 
to  how  far,  during  any  given  earthquake,  particular  districts, 
even  great  mountain  ranges,  may  be  considered  to  transmit  a 
primary  wave,  or  some  modification  of  it. 

As  the  earthquake-wave  would  pass  with  difierent  velocities 
through  difierent  rocks,*  it  would  follow  that  while  the  par- 
ticles may  so  yield  in  some  that  fracture  may  not  be  produced, 
cracks  and  dislocations  could  be  efiected  in  others.  Even  in 
the  simple  arrangement  of  sheets  of  the  one  class  above  the 
other,  the  whole  acted  on  laterally  by  an  earthquake-wave,  one 
set  of  rocks  may  be  dislocated,  the  other  returning  to  its 
ori^nal  state,  in  the  same  manner  as  if  the  observer  were  to 
cover  a  sheet  of  copper  with  plaster  of  Paris,  and  throw  both 
into  vibration,  when  the  latter  would  be  broken,  while  the 
copper  remained  sound.  It  is  easy  to  conceive,  independently 
of  the  difierent  conditions  of  the  upper  to  the  lower  beds  of 
rock,  composing  a  series  of  horizontal  or  nearly  horizontal 
deposits,  as  regards  difierence  of  pressure  upon  them,  that  the 
lower  may  be,  from  heat  beneath,  not  in  so  fragile  a  state  as 
those  above,  and  be  capable  of  more  ready  vibration  without 
fracture.  Thus  many  cracks  and  fissures  may  be  made,  not 
penetrating  to  great  depths,  and  yet  extending  sufficiently 
beneath  the  surface  lo  permit  the  ejection  of  water,  mud,  sand, 
or  other  easily  expelled  body,  out  of  them,  and  some  of  these 
may  again  so  close  as  to  envelope  any  substances  which  may  have 
fallen  into  them,  while  others  continue  permanently  open,  the 
new  adjustment  of  parts  produced  by  the  earthquake-wave  not 
permitting  a  perfect  return  to  the  old  conditions.  Of  such 
fissures  formed  during  earthquakes  there  is  abundant  evidence, 
their  forms  very  variable,  as  would  be  anticipated  from  the 


*  Mr.  Mallet  points  out  (Admiralty  Manual  of  Scientific  Enquiry,  Art. 
Earthquakes)  that  "  an  erroneous  notion  of  the  dimensions  of  the  great 
earth-wave  must  not  be  formed  from  its  being  called  an  undulation — its  velocity 
of  translation  appears  to  be  frequently  as  much  as  30  miles  per  minute,  and  the 
wave  or  shock  moving  at  this  rate  often  takes  10  or  12  seconds  to  pass  a  given 
point ;  hence  its  length  or  amplitude  is  often  several  miles." 
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complicated  rock  accumulatiuns  frequently  shaken,  their  com- 
plexity of  structure  often  concealed  by  coverings  of  deposits, 
perhaps  only  a  few  hundred  feet  thick,  while  the  mass  Uirown 
into  vibration  may  extend  downwards  many  thousands  of  feet, 
if  not  many  miles.  Inverted  conical  cavities  have  been  so 
frequently  noticed  after  earthquakes  in  plains  and  loosely 
aggregated  deposits,  that  they  deserve  attention.  Water  is 
usually  mentioned  as  having  risen  through  them,  as  if,  during 
the  earthquake,  it  had  been  violently  driven  through  points  in 
the  loose  ground.* 

That  at  the  junction  of  loose  or  slightly  consolidated  deposits, 
such  as  sands  and  gravels,  with  hard  rocks,  the  latter  rising 
through  the  former,  so  that  when  the  whole  became  violently 
shaken  there  should  be  settlements  of  incoherent  substances, 
with  fissures  and  mounds  of  adjustment,  would  be  anticipated, 
and  is  on  record.  During  the  great  earthquake  of  Calabria,  in 
1783,  this  seems  to  have  occurred  to  considerable  extent  In 
the  great  Jamaica  earthquake  of  1692,  this  shaking  off,  as  it 
were,  of  loose  materials,  appears  to  have  produced  the  "  swal- 
lowing up,"  as  it  has  been  termed,  of  Port  Royal.  Documents 
which  have  been  preserved  fortunately  show  that  the  part  of  that 
town  which  then  disappeared  was  built  upon  sands  accumulated 
against  and  around  a  rock,  which,  though  shaken  by  the  earth- 
quake, retained  its  place  as  respects  the  level  of  the  adjoining 
sea.    The  darkly-shaded  parts,  P  and  C,  in  the  annexed  plan 


*  Circalar  cavities  were  formed  in  the  plains  of  Calabria  daring  the  earth- 
quake  of  1783.  They  are  described  as  commonly  of  the  size  of  carriage- 
wheels,  sometimes  filled  with  water,  more  frequently  by  sand.  Water  appears  to 
have  spouted  through  them.  (LyelPs  Principles  of  Geology,  where  a  view  and 
section  of  these  cavities  are  given.)  During  the  earthquake  of  1829,  in  Merda, 
numerous  small  circular  apertures  were  formed  in  a  plain  near  the  sea,  whence 
black  mud,  salt  water,  and  marine  shells  were  ejected.  (Lyell's  Principles, 
and  Ferussac's  Bulletin,  1829.)  After  the  earthquake  of  1809  at  the  Cape  of 
Good  Hope,  the  sandy  surface  of  Blauweberg^s  Valley  was  studded  with  cir- 
cular cavities,  varying  fi*om  six  inches  to  three  feet  in  diameter,  and  from  four 
inches  to  a  foot  and  a  half  in  depth.  Jets  of  coloured  water  are  stated  to  have 
been  thrown  out  of  these  holes  during  the  earthquake  to  the  height  of  six  feet 
(Phil.  Magazine,  1830.)  During  the  Chili  earthquake  of  1822,  sands  were 
raised  up  in  cones,  many  of  which  wore  truncated,  with  hollows  in  their  oen- 
"es. — Journal  of  Science. 
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(fig.  150),  represent  thoee  whicli  remained  standing  afler  thb 
earthquake,  and  are  considered  to  be  based  on  a  white  compact 

Fig.  150, 


limestone,  common  in  that  part  of  Jamaica,  a,  a,  a,  a,  and  L 
form  the  boundary  of  Port  Royal  prior  to  the  earthquake ; 
N,  N,  N,  the  restoration  by  sand,  drifted  by  prevalent  breaker 
and  wind  action,  at  the  close  of  the  last  century,  and  I,  I,  L,  and 
H,  subsequent  additions  effected  by  a  continuance  of  the  same 
causes  to  about  the  first  quarter  of  the  present  century.*  ITie 
settlement  of  the  loose  sand,  combined  with  the  sea-wave 
caused  by  the  earthquake,  appears  to  have  produced  all  the 
effects  olraerved  during  this  earthquake  at  Port  Royal,  no 
mention  being  made,  amid  all  the  det^ls  extant,  of  any  perma- 
nent change  in  the  relative  level  of  the  sea  and  the  part  of  the 
town  preserved.!     In  like  manner  landslips  take  place  on  the 

*  There  mre  docDmenU  to  ihow  the  rate  at  vbich  the  loug  Btripe  of  Bands, 
knowD  u  the  I^isades,  tsi  prolonged,  eo  si  to  join  the  rosin  land  of  Jamaica 
with  the  groond  on  which  Port  Ko;al  is  built.  From  the  eyidence  of  Captain 
Halii  who  accompanied  Penn  and  Venables  to  Jam&ica  id  1655,  it  appears  that 
(he  lands  of  the  Palisades  (the  drift  of  the  prevalent  vindi  and  breakers,  u 
noticed  in  the  text)  were  separated  from  the  town  b;  a  narrow  ridge  of  sand 
Jmt  sppeariug  above  water,  an  accumalatioa  within  abont  17  yean,  for  at  that 
time  Port  Ko^al  formed  an  island.  Prior  to  the  earthquake  the  juDCtion  was 
complete,  as  represented  on  the  plan. 

I  Ueavy  brick  honses  were  huilt  on  the  sand,  and  it  ia  slated  (Pbiloiopbical 
Tiansactions,  1694),  that  "  the  ground  gaye  way  as  far  as  the  haotea  stood, 
and  no  Airther,  part  of  the  Ibrt  and  the  Palisades  on  the  other  end  of  the  houses 
standing."  Sir  Hani  Slosne  says,  "  The  whole  neck  of  land  being  sandy  (ex- 
oepting  the  fort,  which  wai  btiilt  on  a  rock,  and  stood)  on  which  the  town  was 
built,  and  the  sand  kept  np  by  the  Palisades  and  wharfs,  under  which  was  deep 
water,  when  the  sand  tnmbleil,  on  the  shaking  of  the  earth,  into  the  tea,  it 
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sides  of  mountains  and  from  sea-clifls  during  earthquakes,  some 
often  of  considerable  magnitude.  When  the  numerous  slips  of 
this  kind  which  occur  in  mountainous  and  even  hilly  districts, 
and  along  coasts  are  considered,  as  well  as  the  irequent  fall  of 
rocks  from  the  effects  of  ordinary  atmospheric  influences,  it 
could  scarcely  otherwise  than  happen  that  when  such  districts 
are  violently  shaken,  settlements  of  varied  kinds  are  efiected. 
Looking  at  the  sources  of  springs,  and  especially  of  those 
which  rise  through  joints  and  fissures,  that  these  should  be  dis- 
turbed, and  that  matter  should  be  subsequently  thrown  out 
mechanically  suspended  in  the  water,  would  also  be  anticipated. 
The  "great  sea- wave  "  produced  by  earthquakes  (p.  484), 
sometimes  aids  materially  in  the  modification  of  the  coasts 
shaken,  seizing  and  transporting  before  it  masses  of  matter 
which  could  not  be  moved  under  ordinary  drcumstances,  and 
tearing  up  deposits  thrown  down  in,  or  raised  to,  shallow  situa- 
tions. The  magnitude  of  these  waves  is  occasionally  very  con- 
siderable, though  no  doubt  this  may  often  have  been  much 
exaggerated  from  the  terror  of  those  endeavouring  to  escape 
from  them.  In  the  Jamaica  earthquake  of  1692,  "  a  heavy 
rolling  sea"  followed  the  shock  at  Port  Royal,  and  the  ^Swan' 
frigate,  which  was  by  the  wharf,  careening,  was  borne  by  it 
over  the  tops  of  houses,  and  some  hundreds  of  persons  escaped 
by  clinging  to  her.  The  sea-wave  of  the  Lisbon  earthquake  of 
1755  rose  to  the  height  of  40  feet  in  the  Tagus,  leaving  the 
bar  dry  as  it  rolled  inwards,  followed  by  others,  each  less  in 
importance,  until  the  water  again  returned  to  its  ordinary 
repose.  The  sea-wave  of  the  same  shock  was  60  feet  high  at 
Cadiz,  18  feet  at  Madeira,  and  under  modified  conditions  was 


covered  the  anchorg  of  ships  riding  by  the  wharfs,  and  the  fonndatioDS  yield- 
ing, the  greatest  part  of  the  town  fell,  great  numbers  of  the  people  were  lost, 
and  a  good  part  of  the  neck  of  land,  where  the  town  stood,  was  three  fathoms 
oorered  with  water."  Long  (History  of  Jamaica)  says,  "  The  weight  of  so 
many  large  brick  houses  was  jnstly  imagined  to  contribute,  in  a  great  measure, 
to  their  downfiEill,  for  the  land  gare  way  as  far  as  the  houses  erected  on  this 
foundation  stood,  and  no  further."  Dr.  Miller,  of  Jamaica,  was  informed  that 
'*■  was  a  tradition  at  Port  Royal,  prior  to  1815,  among  the  descendanU  of  the 

rly  settlers,  that  the  great  damage  was  produced  by  the  slipping  of  the  sand 

ring  the  earthquake. 
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felt  on  the  coasts  of  Great  Britidn  and  Ireland,  rising  8  to  10 
feet  on  the  coast  of  Cornwall.  The  shock  was  experienced  at 
sea  so  severely,  that  vessels  were  thought  to  have  struck  the 
ground,  and  it  is  worthy  of  remark,  as  regards  the  locality  over 
whidi  the  ^^  great  sea-wave  "  may  have  had  its  origin,  that  on 
board  a  ship  120  miles  west  of  St  Vincent,  the  men  on  deck 
were  violently  thrown  perpendicularly  upwards  to  the  height  of 
a  foot  and  a  half.*  The  coasts  of  Chili  t  and  Peru  have  suf- 
fered  from  similar  waves,  and  in  the  great  Calabrian  earthquake 
of  1783  the  shore  of  Scilla  was  inundated  by  one  rushing  20 
feet  high  over  the  low  grounds.  Such  waves  are,  indeed,  suffi- 
ciently common,  though  seldom  prominently  noticed  unless  pro* 
ductive  of  considerable  effects.  The  sudden  rise  and  &11  of 
the  sea  observed  in  so  many  harbours  of  the  world,  as  well  in 
tidal  as  tideless  seas,  evidently  independent  of  the  tides  in  the 
former^  and  not  due  to  wind-wave  imdulations  prolonged  to 
the  shores,  often  seem  little  else  than  the  continuation  of  these 
waves  reachingcoaata  where  the  earthquake  itself  has  not  been 
noticed. 

While  the  earthquake  movement  is  thus  communicated  to  the 
waters  of  the  ocean,  minor  volumes  of  water,  even  small  lakes 
and  rivers  of  all  kinds,  cannot  be  otherwise  than  more  or  less 
afl^ted  by  it  According  to  the  form  of  the  bottom,  situation 
as  regards  the  range  of  the  shock,  and  size  of  the  lakes  and 
inclosed  seas,  the  intensity  of  the  earthquake-wave  being  the 
same,  will  necessarily  be  the  effects  produced.  The  inland 
seas  and  lakes  would  be  like  so  many  basins  or  troughs  of 
varied  forms  filled  with  water.  We  can  conceive  important 
geological  modifications  on  the  shores  of  districts  adjoining 
I^e  Superior,  for  example,  when  situated  immediately  above 
such  an  impulse  as  threw  up  men  vertically  to  considerable 
heights  at  Riobamba,  in  1797,  or  jerked  sailors  upwards  off 
the  decks  of  a  vessel,  120  miles  from  shore,  during  the  earth- 


*  LyelU  "  Principles  of  Geology,"  7th  edit,  p.  476. 

t  Sir  Charles  Lyell  remarks  (Priuciples  of  Geology,  7th  edit.,  p.  478),  re- 
specting the  destruction  of  the  ancient  town  of  Conception  (called  Penco), 
in  1751,  an  earthquake  sea-waye  rolling  over  it,  that  **  a  series  of  similar  catas- 
trophes has  also  been  traced  back  as  far  as  the  year  1590,"  including  one  in 
1730.     In  1835  the  town  also  suffered  from  a  **  great  sea-wave." 
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quake  of  Lisbon  in  1755.  In  connexion  with  the  earth- 
wave  around  the  centre  of  the  great  Lisbon  shock,  the  waters 
of  Loch  Lomond,  even  though  this  earth-wave  was  then  trans- 
mitted so  far,  are  represented  to  have  been  thrown  two  feet  four 
inches  high  on  the  shores.  As  respects  rivers,  should  the  shocks 
pass  up  their  courses,  and  the  undulations  be  considerable,  their 
waters  would  be  precipitated  onwards,  or  rolled  back  into  the 
troughs  or  hollows  formed,  as  the  vibration  passed  onwards, 
gushes  of  water  rolling  afterwards  down  their  channels  in 
accordance  with  the  temporary  interruptions  to  their  usual 
flow.  Should  fissures  be  formed  during  the  undulation,  and 
not  remain  more  permanently  open,  the  river  waters  rushing 
into  them  might  be  suddenly  discharged  out  of  them  upon 
their  again  closing.* 

Accounts  of  earthquakes  contain  such  frequent  mention  of 
gases  and  flames  evolved  from  fissures  during  shocks,  that 
although  there  may  be  many  exaggerations  and  mistakes  on 
this  point,  there  would  appear  little  doubt  of  their  occurrence. 
The  emission  of  flame  is  interesting,  whether  it  be  produced  by 
the  escape  of  gases  simply  inflaming  by  rising  into  the  atmo- 
sphere, or  from  causes  more  resembling  those  observed  in 
volcanos  (p.  374).  In  the  latter  case  we  should  have  to 
infer  the  fracture  of  rocks  down  to  the  needful  supply  of  vol- 
canic gases.  The  emission  of  steam  as  well  as  flame  would 
seem  still  more  to  show  that  the  fissure  was  opened  down  to 
deptlis  where  considerable  heat  existed.  In  the  instance  of  the 
earthquake  of  Cumana  in  1828,  where  the  water  hissed  and 
bubbled  up  round  a  vessel  in  the  harbour,  as  if  a  hot  iron  had 
been  thrust  in  it,  and  when,  on  weighing  the  anchor,  it  was 

"  The  effects  prodooed  by  the  earthquakes  in  the  Valley  of  the  Missisrippi 

in  1811-12  are  highly  instructive.    Sir  Charles  Lyell  has  not  only  oolleeCed 

Talnable  information  respecting  them,  but  has  also  personally  examined  the 

region  then  shaken.     The  ground  near  New  Madrid  is  mentioned  as  having 

been  so  disturbed  that  the  Mississippi  was  arrested  in  its  course,  and  a  temporary 

reflux  produced.    Large  lakes  were  formed  in  the  course  of  an  hour,  twenty 

miles  in  extent,  and  others  were  drained.    Hundreds  of  deep  chasms  were 

produced,  which  remained  open  many  years  afterwards,  and  during  the  shock 

Tge  volumes  of  water  and  sand  were  thrown  out  of  them.    Sir  Charles  Lyell 

uud,  in  1846,  the  remains  of  many  of  these  fissures  extending  for  half  m  mile 

id  upwards. — Principles  of  Geology,  7th  edit.,  1847.  • 
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found  that  the  links  on  part  of  her  chain  cable  had  been 
elongated  from  two  inches  in  diameter  to  the  length  of  three 
and  four  inches,  there  would  appear  proof  of  some  sudden 
communication  by  a  fissure  with  great  heat*  In  regions 
composed  either  wholly  or  in  part  of  such  accumulations  as 
those  of  the  great  coal  deposits  of  Europe  and  North  America, 
and  where  fissures  descended  to  depths  whence  great  heat  could 
rise  upwards  through  them,  not  only  might  such  gases  as  car- 
buretted  hydrogen,  disseminated  amid  such  deposits,  and  to  a 
certain  extent  liberated,  be  inflamed,  but  even  from  the  access 
of  atmospheric  air  for  a  time,  the  broken  parts  of  the  coal 
beds  themselves  might  be  burnt,  producing  certain  secondary 
efiects  in  such  districts,  f 

Tlie  shocks  are  often,  but  not  always,  accompanied  by  noises, 
transmitted  through  the  ground.  These  are  necessarily  of  very 
different  kinds,  from  the  varied  conditions  under  which  they 
may  be  transmitted.  According  to  Humboldt,  the  great 
shock  of  Riobamba  (4th  February,  1797),  was  unaccom- 
panied by  any  noise,  while  at  the  cities  of  Quito  and  Ibarra 
the  great  detonation  of  the  same  shock  occurred  eighteen 
or  twenty  minutes  afterwards.  As  an  example  of  the  great 
distance  to  which  subterranean  noises  may  be  transmitted, 
without  earthquake  shocks,  he  adverts  to  the  noise  like  thunder 
heard  over  an  area  of  several  thousand  square  miles  in  the 
Caraccas,  the  plains  of  Calaboso,  and  on  the  banks  of  the  Rio 


*  **  DtuiDg  the  earthquake  of  1828  at  Cnmana,  an  English  yessel  in  the 
harbour  was  suddenly  enveloped  in  mist*  and  noise  like  distant  thunder  was 
heard.  At  the  same  time  a  shock  iras  felt,  and  the  surrounding  water  hissed 
as  if  a  hot  iron  had  been  introduced  into  it,  sending  up  a  number  of  bubbles, 
accompanied  by  a  smell  of  sulphur.  Multitudes  of  dead  fish  floated  on  the 
snrfitce.  On  weighing  anchor,  it  was  found  that  one  of  the  chains  which  con- 
nected it  with  the  Tessel,  lying  on  soft  mud,  had  been  melted,  and  the  rings, 
which  were  two  inches  in  diameter,  had  been  stretched  to  the  length  of  three 
or  four  inches,  and  become  much  thinner  than  before." '  Daubeny  (Description 
of  Volcanos,  p.  528.) 

t  Any  accumulation  of  gas,  or  of  substances  rendered  liquid  by  pressure 
ready  to  assume  the  gaseous  form  when  this  is  remoTed,  would  be  expected  to 
escape  upwards  should  earthquake  fissures  traverse  or  extend  to  them.  Hum* 
boldt  notices  (Kosmos)  that  during  the  earthquake  of  New  Granada  (I6th 
November,  1827),  carbonic  add  issued  from  fissures  in  the  Magdalena  River, 
sofibcating  snakes,  rats,  and  other  animals  living  in  holes. 

2  K 
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Apure  during  the  eruption  of  St.  Vincent,  in  18 12,  this  being, 
as  Humboldt  remarks,  in  point  of  distance,  as  if  an  eruption  of 
Vesuvius  should  be  heard  in  the  north  of  France.  He  also 
points  out,  that  in  the  great  earthquake  of  October,  1746,  at 
lima  and  Callao,  a  noisd  like  a  subterranean  thunder-clap 
was  heard  a  quarter  of  an  hour  later  at  Truxillo,  imaccompa- 
nied  by  any  shaking  of  the  ground.  These  are  merely,  as  will 
be  apparent,  the  transmission  of  the  earth-wave  through  fur 
conductors,  such  as  most  solid  rocks,  beyond  distances  where 
any  tremulous  motion  of  the  ground  is  apparent.  When 
noises  precede  earthquake  shocks  of  importance,  and  these  are 
sometimes  noticed,  they  would  chiefly  appear  to  arise  from 
vibrations  insufficient  to  be  termed  earthquakes,  succeeded  by 
those  which  arrest  attention,  the  greater  earth-waves  being 
alone  regarded.  The  continued  subterranean  sounds  heard 
during  a  month  at  Guanaxuato,  in  1784,  afford  a  good 
example  of  such  noises,  unaccompanied  by  vibrations  suffi- 
ciently sensible  to  be  termed  earthquakes.* 

The  permanent  elevations  and  depressions  of  land  accom- 
panying earthquakes  require  to  be  well  considered,  apart  from 
the  great  earth-waves  and  their  consequences,  since  such  waves 
may  be  merely  movements  resulting  from  the  cause  producing 
these  permanent  relative  changes  of  level,  sometimes  extending 
over  considerable  areas.  The  observer  will  readily  see  that  a 
force  acting  from  the  interior  of  the  earth  outward,  rending 
and  otherwise  disturbing  portions  of  its  solid  crust,  could  throw 
such  portions  into  motion,  causing  earth-waves,  which,  though 
often  so  terribly  disastrous  to  man  and  his  works,  are  neverthe- 
less insignificant  when  measured  by  a  very  minor  part  of  the 

*  '*  KoemoBy"  Art.  Earthquakes.  Humboldt  obtained  good  evidence  on  this 
subject  The  noise  began  on  the  9th  of  January,  17S4,  at  midnight  From  the 
13th  to  the  1 6th  of  the  same  month,  "  it  was  as  if  there  were  heavy  storm- 
clouds  under  the  feet  of  the  inhabitants,  in  which  slow  roUing  thunder  alter- 
nated with  short  thunder-claps.  The  noise  ceased  gradually  as  it  commenced ; 
it  was  confined  to  a  small  space,  for  it  was  not  heard  in  a  basaltic  district  at 
the  distance  of  only  a  few  miles."  *'  Neither  at  the  surface,  nor  in  the  mines; 
1596  English  feet  in  depth,  could  the  slightest  trembling  of  the  ground  be  per- 
ceived." **  Thus,"  he  adds,  **  as  chasms  in  the  interior  of  tlie  earth  dose  or 
open,  the  propagation  of  the  waves  of  sound  is  either  arrested  in  its  progress,  or 
continued  until  it  meets  the  ear." 
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earth's  radius.  We  have  seen  (p.  440),  that  molten  matter 
raised  upwards  into  cracks  formed  in  the  relatively  small  mass 
of  a  volcano  will  increase  its  volume,  raising  the  ground  around 
in  a  manner  which  may  produce  changes  of  importance  when 
near  shores.  An  observer  would  therefore  be  prepared  to 
expect  that  where  there  may  be  no  very  ready  outlet,  such  as  a 
crater  or  the  sides  of  a  volcano  may  present,  for  a  greater  mass 
of  molten  matter  pressing  to  overcome  superincumbent  obstacles 
to  its  escape,  greater  fractures,  extending  over  wider  areas,  may 
be  formed,  throwing  the  fractured  and  adjoining  rock  masses 
into  movement,  molten  rock  remaining  in  its  new  position  as 
far  as  circumstances  will  permit.  In  such  a  case  the  earth- 
quake would  be  merely  a  secondary  effect  consequent  on  the 
exertion  of  force  raising  the  ground  upwards.  Although  allu- 
sion has  been  made  to  molten  matter  raised  upwards  over  a 
large  instead  of  a  minor  area,  the  surfieice  of  the  earth  might 
be  rent,  earthquakes  produced,  and  land  permanently  elevated, 
as  will  be  noticed  hereafter,  by  the  mere  expansion  of  a  consi- 
derable portion  of  the  earth's  crust,  the  resistances  upwards 
being  in  the  end  somewhat  suddenly  overcome. 

From  the  adjustment  of  the  minor  volume  of  a  volcanic 
mountain,  to  that  of  great  masses  of  the  earth's  crust,  by 
which  parts  may  be  either  raised  or  depressed,  and  this  by 
such  sudden  movements  that  earth-waves  of  various  magni- 
tudes are  communicated  to  the  adjacent  rocks,  the  observer 
would  expect  no  slight  modifications.  The  geological  import^ 
ance  of  the  rise  or  depression  of  land,  especially  on  sea- 
coasts,  at  the  time  of  earthquakes,  beiug  fully  recognized,  it 
is  very  desirable  that,  whenever  opportunities  present  them- 
selves, exact  researches  as  to  the  amount  of  rise  or  depression 
above  or  beneath  a  somewhat  permanent  datum  level  should 
be  undertaken.  The  mean  tide  level  on  oceanic  coasts 
is  very  desirable  for  this  purpose,  when  available,  and  may 
often  readily  be  obtained  with  sufficient  accuracy.  In  certain 
estuaries  an  alteration  in  the  bottom  of  the  seaward  portion 
might  influence  the  tides,  so  that  a  greater  or  less  amount  of 
water  could  flow  upwards  to  situations  where  no  real  change  of 

the  relative  level  of  land  and  the  main  sea  bad  been  effected. 

2k2 
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An  observer  will  aee,  by  reference  to  charts  of  estnaries,  espe- 
cially those  with  extensive  bars  at  their  mouths,  how  materially 
tides  might  be  influenced  in  their  action  by  moderate  elevations 
or  depressions  at  their  mouths.  In  some,  where  the  amount  of 
water  entering  with  the  flood  tide  is  so  important  in  keeping  a 
channel  clear  upon  the  ebb,  especially  where  a  shallow  coast  is 
exposed  to  heavy  breaker  action,  the  volume  of  water  passing 
up  or  down  might  be  most  materially  modified. 

Modern  observations  on  the  western  coast  of  America,  which, 
fortunately  for  these  researches,  is  so  truly  oceanic,  uncut  by 
great  rivers,  have  successftdly  established  the  rise  of  extensive 
lines  of  coast  during  earthquakes.  At  the  time  of  that  of 
November,  1822,  felt  from  north  to  south  for  a  distance  of 
about  1200  miles,  the  coast  was  raised  four  feet  at  Quintero, 
and  three  feet  at  Valparaiso  above  its  former  level ;  and  Mrs. 
Graham  records  that  oysters  and  other  molluscs  were  elevated 
out  of  the  sea,  becoming  ofiensive  as  they  decomposed.*  Dr. 
Meyen  found,  nine  years  afterwards,  sea-weed  and  shells  ad- 
hering to  the  coast  thus  raised,  and  infers  it  was  so  to  the  height 
of  about  four  feet  along  central  Chili.  Sir  Charles  Lyell,  de- 
tailing the  evidence  as  to  the  rise  of  land  at  the  time  of  this 
earthquake,  considers  that  if  the  estimate  of  the  mass  moved  be 
correct,  namely,  that  superficially  it  extended  over  100,000 
square  miles,  the  area  elevated  would  be  equal  to  half  that  of 
France,  and  five-sixths  that  of  Great  Britain  and  Ireland,  so 
that  only  giving  two  miles  for  the  depth  of  the  mass  raised, 
200,000  cubic  miles  of  mineral  matter  were  elevated  above 
their  previous  position  at  that  time.f 

At  the  time  of  the  earthquake  on  the  coast  of  Chili  in  1835, 
when  the  towns  of  Conception,  Talcahuano,  and  Chilian  suf- 
fered so  seriously  from  the  shocks,^;  much  land  was  also  raised. 
Captain  Fitzroy,  who  was  then  engaged  in  a  survey  of  the 
coast,  states  that  the  sea  did  not  for  some  days  fall,  by  four 


•  Geological  TransactioDB,  2nd  series,  vol.  i. 

t  *•  Principles  of  Geology,"  7th  edit,  p.  436. 

{  Though  there  was  one  chief  shock,  there  are  considered  to  have  been  more 
than  800  minor  shocks  subwquently,  between  the  20th  of  Febmary  and  the 
4th  March.— Lyell,  "Principles,"  7th  edit,  p.  433. 
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or  five  feet,  to  the  usual  marks ;  and  that  "  even  at  high 
water,  beds  of  dead  mussels,  numerous  chitons,  and  limpets, 
and  withered  sea-weed,  still  adhering,  though  lifeless,  to  the 
rocks  on  which  they  had  lived,  everywhere  met  the  eye."  * 
The  amount  of  rise  gradually  diminished,  so  that  about  two 
months  afterwards,  the  coast  was  within  two  feet  of  its  former 
level,  so  that  a  kind  of  settlement  after  the  first  upheaval 
seems  to  have  been  effected. 

During  the  earthquake  of  Cutch,  in  June  1819,  the  surface 
of  a  wide  area  was  so  acted  upon,  that  part  became  depressed 
beneath,  and  part  elevated  above,  its  former  general  level. 
The  Runn  of  Cutch,  as  it  is  termed,  is  the  lowest  part  of  a 
considerable  district  situated  between  the  eastern  branch  of  the 
delta  of  the  Indus  and  the  Loonee  river.  The  area  is  esti- 
mated at  about  7000  square  miles,  and  is  so  slightly  above  the 
level  of  the  sea,  that  during  the  monsoons  the  sea  is  driven  up 
from  the  Gulf  of  Cutch  and  the  creeks  at  Luckput,  overflow- 
ing  a  large  part  of  it,  the  subsequent  evaporation  of  the 
water  sometimes  leaving  a  deposit  of  salt  about  an  inch  thick. 
It  is  also  described  as  liable  to  be  occasionally  overflowed  in 
parts  by  river  water.  As  a  whole,  it  seems  to  be  a  district 
peculiarly  favourable  for  having  any  modifications  of  its  sur- 
face marked  by  changes  in  the  position  of  water  flowing  over, 
resting  upon,  or  bounding  it.  From  the  facts  accumulated 
respecting  the  earthquake  of  1819,  by  Sir  Charles  Lyell,t  it 
would   appear  that  immediately  after  the   chief  shock  j:    a 

*  Captain  Fitzroj  adds  (Voyages  of  AdveDtare  and  Beagle,  yol.  ii.),  with 
respect  to  the  Island  of  Santa  Maria,  south-east  from  Conception,  that  its 
sonthem  extremity  **  had  heen  raised  eight  f^  the  middle  nine,  and  the 
northern  end  upwards  of  ten  feet"  *  *  *  "  An  extensiye  rocky  flat  lies 
around  the  northern  parts  of  Santa  Maria.  Before  the  earthquake  this  flat  was 
covered  by  the  sea,  some  projecting  rocks  only  showing  themseWes ;  now  the 
whole  fiat  is  exposed,  and  square  acres  of  it  are  covered  with  dead  sheU-fish, 
the  stench  arising  from  which  is  abominable.  By  this  elevation  of  the  land, 
the  southern  port  of  Santa  Maria  has  been  almost  destroyed,  little  shelter  re* 
maining  there,  and  Tery  bad  landing." 

t  «*  Principles  of  Geology/*  7th  edit,  pp.  437-441. 

X  Shocks  are  mentioned  as  having  been  felt  from  the  1 6th  of  June,  the  day 
of  the  great  earthquake,  to  the  20th,  when  it  is  said  an  eruption  broke  out  at 
the  volcano  of  Denodur,  30  miles  N.W.  ftt>m  Bhooj,  the  vibrations  then  oeas« 
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mound  was  found  to  be  raised  across  the  eastern  branch  of  the 
Indus,  more  than  50  miles  in  length  from  east  to  west,  and  in 
some  places  16  miles  in  breadth^  with  a  height  of  10  feet 
This  was  named  by  the  inhabitants  the  Ullah  Bund,  or  Mouud 
of  Grod.  At  the  same  time  a  submergence  of  land  was 
effected  on  the  south  of  the  Ullah  Bund,  into  which  the  sea 
flowed  up  the  eastern  channel  of  the  Indus,  converting  an  area 
of  2000  square  miles  of  land  into  a  great  sea  lagoon.  The 
village  of  Sindree,  situated  on  the  land  bordering  the  river 
prior  to  the  earthquake,  was  submerged,  the  tops  of  the  fort 
and  houses  beiug  alone  visible  above  the  waters.*  At  Luckput, 
further  down  the  Indus,  the  river  which  was  there  fordable  at 
low  water,  being  th^n  only  about  a  foot  deep,  became  after- 
wards 18  feet  deep  at  the  same  time  of  tide.  Other  portions 
of  the  channel  were  also  found  to  be  deepened.  The  course 
of  the  Indus  is  described  as  much  unsettied  after  the  earth- 
quake, and  the  river  finally  cut  through  the  Ullah  Bund  in 
1826,  throwing  such  a  body  of  water  into  the  salt  lagooD, 
formed  during  the  earthquake,  as  to  render  the  water  ft^sh 
for  many  months,  though  it  became  again  salt  in  1828  f. 
Being  in  the  course  of  such  a  river,  it  would  be  expected  that 
this  submergence  would  be  obliterated  by  the  usual  transport 
of  detritus  into  it,  a  change  now  in  progress,  the  lagoon  having 
been  found  diminished  both  in  size  and  depth  in  1838. 

Q^iet  Rise  or  Subsidence  of  Land. — In  volcanic  regions  where 
there  is  sufficient  activity  to  show  that  the  vents  are  merely  in 
a  half-dormant  state,  or  where,  from  time  to  time,  though  the 


ing.     The  chief  shock  was  felt  destrnctiyely  at  Ahmedabad,  and  feeblj  at 
Poonah,  400  miles  more  distant— LyeU,  **  Principles*"  p.  437. 

*  Remarking  upon  the  houses  not  having  been  thrown  down  (Bhooj,  the 

principal  town  of  Cntch  was  converted  into  a  heap  of  ruins  by  this  earthquake), 

Sir  Charles  Lyell  obsenrA  that,  "  had  they  been  situated,  therefore,  in  the 

interior,  where  so  many  forts  were  levelled  to  the  ground,  their  site  would, 

perhaps,  be  regarded  as  having  remained  comparatiTely  unmoved.    Hence  we 

may  suspect  that  great  permanent  upheavings  and  depressions  of  soil  may  be 

the  result  of  earthquakes,  without  the  inhabitants  being  in  the  least  degree 

'>nscion8  of  any  change  of  level." 

^  It  is  represented  as  having  been  more  salt  than  the  sea,  and  the  natives, 

>rding  to  Sir  A.  Burnes,  supposed  that  it  was  so  from  a  solution  of  the  salt 

1  which  the  **  Runn  of  Cutch  "  is  impregnated.— Lyell,  ■•  Principles,"  p,  439. 
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eruptions  may  occur  occasionally  after  even  considerable  inter- 
vals of  comparative  repose,  volcanic  action  produces  very 
marked  effects  on  the  surface,  we  should  expect  that  there 
would  sometimes  be  quiet  elevations  or  depressions  of  the 
ground.  Differences  in  the  relative  level  of  sea  and  land 
could  be  caused  by  the  variations  of  heat  to  which  the  hard 
rocks  or  other  mineral  accumulations  may  be  exposed,  such 
differences  producing  effects  likely  to  be  appreciated  by  the 
inhabitants  of  coasts  only  in  proportion  as  the  areas  acted  upon 
may,  or  may  not,  be  more  or  less  covered  by  water,  or  be  left 
dry.  Changes  of  temperature  which  could  in  so  short  a  time 
deprive  -a  volcanic  mountain,  such  as  Cotopaxi  in  the  hot,  or 
such  as  those  in  Iceland  in  the  cold  regions,  of  their  snows, 
could  scarcely  but  be  attended  with  the  expansion  of  the  accu- 
mulations acted  upon.  How  far  minor  volcanic  areas  may 
permanently,  so  fer  as  regards  a  certain  amount  of  time, 
remain  elevated  or  depressed,  would  depend  upon  the  conditions 
under  which  such  areas  may  be  generally  placed.  A  minor 
volcanic  area  exhibiting  considerable  activity  at  one  time  may 
present  a  mass  of  mineral  matter  more  heated,  and  be,  con- 
sequently, more  expanded  than  at  another  when  this  activity 
may  cease,  even  only  for  several  centuries. 

In  tracing  back  the  elevation  or  depression  of  a  coast  by 
means  of  the  human  works  which  appear  to  have  risen  or 
have  been  submerged,  relatively  to  the  level  of  an  adjoining 
sea,  assuming  that  there  are  no  difficulties  respecting  the  per- 
manency of  the  latter,  as  there  might  be,  especially  as  regards 
tidal  seas,  there  may  be  much  uncertainty  as  to  how  far  the 
one  or  the  other  has  been  slow  and  tranquil.  The  sudden 
uprise  or  depression  of  land  during  earthquakes  does  not 
necessarily  suppose  such  undulations  and  vibrations  of  the 
ground  as  always  to  overthrow  the  works  of  man,  though  on 
coasts  the  resistance  offered  by  them  to  a  great  sea-wave, 
rolling  furiously  over  the  shore,  in  consequence  of  the  earth- 
wave,  may  often  be  very  limited.  Great  caution  is  evidently 
needed  on  this  head,  so  that  a  slow  continuous  elevation  or  de- 
pression of  the  land,  relatively  to  the  level  of  the  sea,  be  well  sepa* 
rated  from  its  sudden  rise  or  fall  at  the  time  of  an  earthquake. 
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As  regards  a  minor  area  in  a  volcanic  district  exhibiting 
relative  changes  of  level  within  the  historic  period,  the  coasts 
of  part  of  the  Bay  of  Baiae,  Naples,  have  been  regarded  as 
affording  sufficient  proof.  Whether  these  changes  may  have 
been  more  or  less  sudden,  or  were  gradual  and  continued 
through  a  somewhat  long  time,  has  not  been  altogether  settled. 
Looking  at  the  kind  of  country  acted  upon,  a  change  of  level, 
sometimes  slow,  at  others  sudden,  would  not  appear  incon- 
sistent with  the  facts  noticed.  With  respect  to  the  probable 
dates  at  which  the  changes  of  level  were  effected,  the  Temple 
of  Jupiter  Serapis,  at  Puzzuoli,  has  been  considered  as 
affording  good  approximations.  The  main  fact  is,  that  three 
marble  columns,  somewhat  more  than  40  feet  high,  slightly  out 
of  the  perpendicular,  are  smooth  and  uninjured  to  the  height 
of  12  feet,  above  which,  for  9  feet,  they  are  perforated  by  the 
Lithodomusy  a  common  and  existing  boring  mollusc  of  the 
Mediterranean,  llie  remainder  of  the  columns,  all  of  which 
exhibit  the  same  fact,  at  the  same  heights,  only  exhibit  the 
usual  effects  of  atmospheric  exposure.  On  the  pavement  of 
the  temple  are  other  broken  columns  of  marble  perforated  in 
certain  parts,  some  of  them  bored  not  only  on  the  exterior,  but 
also  in  the  cross  fracture.  The  inference  from  these  facts  has 
been,  that  the  lower  parts  of  the  columns  were  protected 
by  some  deposit  during  submergence  beneath  the  sea,  the 
columns  standing  erect,  or  nearly  so,  while  the  part  above 
was  perforated,  and  consequently  in  water  sufficientiy  clean 
for  the  animals  to  live  in,  bore,  and  obtain  their  food, 
the  remainder  rising  above  the  sea,  or  only  submerged  to 
a  depth  beneath  which  the  Lithodomus  usually  lives.  This 
supposes  the  building  of  the  temple  on  dry  land,  its  sub- 
inergence  beneath  the  sea  to  between  20  and  30  feet,  and  its 
subsequent  emergence,  as  now  seen ;  so  that  the  platform  of  the 
temple  is  about  one  foot  or  thereabouts  beneath  the  high  water 
mark  of  the  small  tides  of  the  Bay  of  Naples.  From  the 
various  circumstances  connected  with  this  locality,  Sir  Charles 
Lyell  infei^,  respecting  the  ground  forming  the  foundation  of 
*he  temple,  that  '*  first,  about  80  'years  before  the  Christian 

\,  when  the  ancient  mosaic  pavement  was  constructed,  it  was 
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about  12  feet  above  its  actual  level,  or  that  at  which  it  stood  in 
1838 ;  secondly,  towards  the  close  of  the  first  century  after 
Christ  it  was  only  six  feet  above  its  actual  level ;  thirdly,  by 
the  end  of  the  fourth  centuiy  it  had  nearly  subsided  to  its 
present  level ;  fourthly,  in  the  middle  ages,  and  before  the 
eruption  of  Monte  Nuovo,'  it  was  about  19  feet  below  its  pre- 
sent level ;  lastly,  at  the  beginning  of  the  present  century  it 
was  about  two  feet  two  inches  above  the  level  at  which  it  now 
stands'*  (in  1838.)* 

llie  evidences  of  recent  changes  of  the  relative  level  of  sea 
and  land,  even  as  respects  the  works  of  man  in  the  vicinity,  are 
not  confined  to  the  temple  of  Serapis.  Mr.  Babbage  mentions 
that  at  the  sixth  pier  of  the  Bridge  of  Caligula,  at  Puzzuoli,  a 
line  of  perforations  by  the  LithodomiUy  and  other  indications 
of  a  water  level,  are  found  four  feet  above  the  sea,  as  also  at 
ten  feet  above  the  present  sea  level  on  the  twelfth  pier,  and 
points  to  the  broken  columns  of  the  Temples  of  the  Nymphs 
and  of  Neptune,  as  remaining  nowistanding  in  the  sea.t  With 
respect  to  the  columns  of  the  latter  temple,  Sir  Charles  Lyell 
observes,  that  as  they  now  stand  erect  in  five  feet  water,  just 
rising  to  the  surface  of  the  sea,  their  pedestals  buried  in  the 
mud,  if  the  sea  bottom  be  raised,  and  the  covering  accumu- 
lations removed,  they  might  exhibit  similar  appearances  to 
those  observed  at  the  Temple  of  Serapis.;];  Roman  roads  are 
mentioned  as  under  water,  one  between  Puzzuoli  and  the  Leu- 
crine  Lake,  and  another  near  the  Castle  of  Baiae.  A  road 
with  some  ft*agments  of  Roman  buildings  is  beneath  the  level 
of  the  sea  on  the  Sorrento  side  of  the  Bay  of  Naples ;  and  in 
the  island  of  Capri,  one  of  the  palaces  of  Tiberius  is  covered 
by  water.§ 

Lidependently  of  these  evidences  connected  with  the  works 

•  «  Principles  of  Geology,"  7th  edition,  in  which  Sir  Charles  Lyell  giyes  the 
results  of  his  personal  examination  of  the  district,  as  published  in  the  early 
editions  of  the  same  work,  and  the  chief  fkcts  mentioned  by  other  authors, 

f  Proceedings  of  the  Geological  Sodety  of  London  (March  1834),  yol.  ii., 
p.  74. 

I  **  Principles  of  Geology,"  7th  edition,  p.  491. 

{  Professor  James  Forbes,  **  Physical  Notices  of  the  Bay  of  Naples  f  Brew- 
ster's Edinburgh  Journal  of  Science,  vol.  i.,  new  series. 
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of  man,  of  changes  of  the  relative  level  of  sea  and  land,  there 
is  also  geological  evidence  of  the  same  movements  within  a 
comparatively  recent  period.  Mr.  Babbage  mentions  a  line  of 
perforations  by  the  Lithodomus^  like  those  on  the  columns  of 
the  Temple  of  Serapis,  32  feet  above  the  present  level  of  the 
sea,  in  an  inland  cliff  opposite  the  island  of  Nisida.*  Sir 
Charles  Lyell  points  to  this  cliff  and  other  facts  as  capable  of 
proving  these  changes,  even  if  human  works  in  the  Bay  of 
Naples  had  not  afforded  the  evidence  above  noticed ;  and  which, 
taken  in  connexion  with  that  furnished  by  the  geological  facts 
observed,  would  appear  to  show  an  unequal  elevation  and  de- 
pression of  the  land  in  different  parts  of  an  area  comprising 
this  bay. 

In  accounting  for  the  gradual  sinking  and  riang  of  the 
ground  on  which  the  Temple  of  Serapis  is  based,  and  of  which 
he  concludes  there  is  sufficient  evidence,  Mr.  Babbage  adverts 
to  the  changes  of  volume  which  might  be  produced  in  the  sub- 
jacent accumulations  by  the  difference  of  heat  in  them  at  dif- 
ferent times ;  an  important  consideration,  not  only  as  respects 
a  minor  area  of  this  kind,  but  also  the  elevation  and  depression 
of  great  masses  of  land,  constituting  even  considerable  portions 
of  continents."!*  He  observes,  that  "in  consequence  of  the 
changes  actually  going  on  at  the  earth^s  surface^  the  surfaces 


*  "  Observations  on  the  Temple  of  Serapis,  at  Puzzuoli,  near  Naples ;  with 
remarks  on  certain  canses  which  may  produce  geological  cycles  of  great  ex- 
tent**'— Proceedings  of  the  Greological  Society  of  London  (March  1834),  vol.  lUt 
p.  74. 

f  With  respect  to  the  changes  of  Yolume  produced  in  rocks  by  differences  in 
temperature,  though  we  may,  in  a  work  entitled  *'  Sections  and  Views,  iUns* 
tratiye  of  Geological  Phenomena,'*  p.  70,  and  published  in  1830,  have  called 
attention  to  them  when  remarking  respecting  one  of  the  diagrams,  that  ^  to  one 
who  looks  at  such  a  diagram,  it  will  be  obvious  that  slight  and  unequal  con. 
tractions  of  the  mass  of  the  earth  would  produce  changes  we  should  consider 
important;  and  it  niay  occur  to  him,  that  mere  thermometrical  differences 
beneath  the  earth's  crust  might  be  sufficient  to  raise  whole  continents  above  the 
level  of  the  sea,  or  plunge  them  beneath  it,"  it  may  be  as  well  here  to  state,  as 
was  done  in  our  <*  Researches  in  Theoretical  Geology/'  (1834)  p.  163,  in  which 
there  were  more  extended  remarks  to  the  same  effect,  that  Mr.  Babbage's  ob- 
lervations  were  entirely  original,  and  that  we  did  not  entertain  **  opinions 

milar  to  his  respecting  the  probable  effects  of  the  causes  he  notices  brfort  be 

ated  them  to  us." 
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of  equal  temperature  within  its  crust  must  be  continually 
changing  their  form,  and  exposing  thick  beds,  near  the  exte- 
rior, to  alterations  of  temperature ;"  and,  that  **  the  expansion 
and  contraction  of  these  strata  will  probably  form  rents,  raise 
mountain  chains,  and  elevate  even  continents."*  With 
respect  to  these  greater  results,  Mr.  Babbage  refers  (1)  to  the 
increase  of  temperature  found  as  we  descend  beneath  the  sur- 
&ce  of  the  earth ;  (2),  to  the  expansion  of  solid  rocks  by  heat, 
while  clay  and  some  other  substances  contract  imder  the  same 
circumstances;  (8),  to  different  mineral  accumulations  con- 
ducting heat  unequally ;  (4),  to  the  different  radiation  of  heat 
from  the  earth,  or  at  different  parts  of  its  surface,  according 
as  it  is  covered  with  forests,  with  mountidns,  with  deserts,  or 
with  water ;  and  (5),  to  existing  atmospheric  agents  and  other 
causes  constantly  changing  the  condition  of  the  surfiice  of  the 
globe.  Applying  these  views  to  the  ground  on  which  the 
Temple  of  Serapis  is  placed,  Mr.  Babbage  supposes  it  to  have 
had  an  elevated  temperature  when  this  temple  was  first  erected, 
and  that  it  *^  subsequently  contracted  by  slowly  cooling  down ; 
and  that  when  this  contraction  had  reached  a  certain  point,  a 
fresh  accession  of  heat  from  some  neighbouring  volcano,  by 
raising  the  temperature  of  the  beds,  again  produced  a  renewed 
expansion,  which  restored  the  temple  to  its  present  level."  f 

Quitting  the  minor  area  of  Naples,  where  complications 
may  arise  from  the  volcanic  character  of  the  district,  it  fortu- 
nately occurs,  that  in  Northern  Europe  observations  have  been 
sufficiently  long  and  carefully  continued  to  prove  that  a  mass 
of  land  in  Norway  and  Sweden  has  been  slowly  and  tranquilly 
rising  above  the  level  of  the  sea  during  historic  times.  About 
a  century  and  a  half  since,  facts  were  known  which  induced 
Celsius  to  infer  that  the  level  of  the  Baltic  and  Northern 
Ocean  was  sinking,  as  was  likely  to  be  concluded  at  that  time 
with  respect  to  any  relative  change  of  the  levels  of  sea  and 
land.      Although   Playfair  may  have   pointed   out  that,   in 


^  Proceedings  of  the  Geological  Society  of  London  (March  1834),  vol.  ii., 
p.  75. 
t  Proceedings  of  the  Geological  Society  of  London,  yoL  ii.,  p.  75. 
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accordance  with  the  views  of  Hutton,  it  was  more  probable 
that  the  laud  had  risen,  it  was  not  until  Von  Buch  had  per- 
sonally visited  the  district  in  1807  that  the  latter  inference 
became  established  as  a  fact.  He  concluded,  ^'  that  the  whole 
country  from  Frederickshall,  in  Norway,  and  perhaps  as  far 
as  St.  Petersburgh,  was  slowly  and  insensibly  rising;'**  in- 
ferring that  the  northern  portion  was  rising  fester  than  the 
southern.  Referring  to  the  marks  cut  in  rocks  at  levels  in 
calm  weather,  considered  to  represent  the  standard  level  of  the 
Baltic,  it  was  concluded  by  officers  charged  with  the  examina- 
tion in  1820-21,  that  there  had  been  a  relative  change  of  level, 
though  the  rise  had  not  been  generally  to  the  same  extent 
In  1834,  Sir  Charles  Lyell  examined  the  marks  then  cut  by 
these  officers,  and  concluded  that  the  land  had  risen  four  or 
five  inches  in  certain  localities  in  the  north  of  Stockholm.  He 
convinced  himself  at  the  time,  -*  after  conversing  with  many 
civil  engineers,  pilots,  and  fishermen,  and  after  examining 
some  of  the  ancient  marks,  that  the  evidence  formerly  adduced 
in  favour  of  the  change  of  level,  both  on  the  coasts  of  Sweden 
and  Finland,  was  full  and  satisfactory.  The  alteration  of  level 
evidently  diminishes  as  we  proceed  from  the  northern  parts  of 
the  Gulf  of  Bothnia  towards  the  south,  being  very  slight 
around  Stockholm."  f 

The  elevation  of  the  area  noticed  is  considered  to  extend 
to  the  North  Cape,  so  that  further  traces  of  it  become  lost 
beneath  the  Northern  Ocean.  Taking  a  general  view  of 
the  evidence.  Sir  Roderick  Murchison  has  concluded,]:  that, 
assuming  an  east  and  west  line*  traversing  Sweden  in  the 
parallel  of  Solvitsborg,  there  has  been  in  recent  times  on  the 
north,  and  continues  to  be,  an  elevation,  and  on  the  south 
a  depression.  As  regards  the  slow  depression  of  Scania, 
Professor  Nilsson  infers,  that  this  has  been  in  progress  ibr 
several  centuries ;§  and  Professor. Forchhammer  considers  that 

♦  "  Travels  in  Norway/' 

t  «* Principles  of  Geology,"  7th  edition,  p.  300,  and  "On  the  Proo&  of  a 
Gradual  Elevation  of  certain  parts  of  Sweden,"  Philosophical  TransactioDS, 
1835. 

X  Address  to  the  Royal  Geographical  Society  of  London,  1845. 

$  Ck)mmanication  to  Sir  Charles  Lyell  (Address  of  the  latter  to  the  Geolo- 
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the  isle  of  Saltholm  has  not  sensibly  changed  its  level,  with 
respect  to  th^ea,  for  600  years ;  while  the  isle  of  Bornholm 
appears  to  have  risen  one  foot  in  a  century,  this  elevation 
having  been  continued  for  1600  years.* 

With  respect  to  very  exact  measurements,  as  regards  small 
changes  in  the  relative  level  of  sea  and  land  in  inland  seas, 
such  as  those  of  the  Baltic,  from  the  configuration  of  which 
and  their  mode  of  communication  with  the  main  ocean,  dis- 
turbing influences  may  arise,~no  doubt  without  reference  of  the 
general  area  to  some  more  constant  level,  such  as  that  of  mean 
tide  in  some  adjoining  ocean,  there  may  be  difficulties ;  but 
looking  at  the  evidence  as  a  whole,  it  would  appear  decisive  of 
a  slow  change  in  the  relative  level  of  sea  and  land  in  the 
manner  inferred.!  Geological  evidence  supports  the  views 
derived  from  the  circumstances  mentioned;  for,  while  the 
oceanic  coast  shows  deposits  raised  above  the  present  level  of 
the  sea,  and  containing  the  remains  of  shells  still  existing  in  it, 
even  barnacles  and  small  zoophytes  adhering  to  the  rocks  on 
which  they  fastened  while  beneath  the  water,  on  the  Baltic 
side  there  are  also  raised  accumulations  containing  shells 
characteristic  of  that  sea.  Although  these  facts  might  not 
show  that  the  land  had  been  raised  in  historic  times,  they  are 

gical  Society  of  Londoo,  1837).  Professor  Nilsson  mentioned,  among  other 
circnmstances,  that  a  large  stone,  the  distance  from  which  on  the  shore  of 
Scania  was  measnred  by  Linnseos  in  1749,  was,  in  1836,  one  hundred  feet 
nearer  the  water's  edge,  and  that  in  the  sea-port  towns,  *'  all  along  the  coast  of 
Scania,  there  are  streets  below  the  high-water  lerel  of  the  Baltic,  and,  in  some 
places,  below  the  IcTel  of  the  lowest  tide.  Thus  when  the  wind  is  high  at 
Malmo,  the  water  overflows  one  of  the  present  streets ;  and  some  years  ago 
some  ezcaTations  showed  an  ancient  street  in  the  same  place,  eight  feet  below, 
and  it  waa  then  seen  that  there  had  evidentiy  been  an  artificial  raising  of  the 
ground,  donbtless  in  consequence  of  that  subsidence.  There  is  also  a  street  at 
•Trelleborg,  and  another  at  Skanor,  a  few  inches  below  high-water  mark ;  and  a 
street  at  Ystad  is  just  on  a  level  with  the  sea,  at  which  it  could  not  have  been 
originally  built." 

^  «  On  Changes  of  Level  which  have  taken  place  in  Denmark  in  the  present 
times,"  Transactions  of  the  Geological  Society  of  London,  voL  vi.,  1841. 

t  The  average  rate  of  rise  in  Sweden  is  estimated  at  about  three  feet  four 
inches  in  a  century.  With  regard  to  the  various  authorities  on  the  subject  of 
this  change,  we  would  refer,  for  his  usual  impartial  statements,  to  the  Vicomte 
D*Archiac'8  "  Histoire  des  Progr^s  de  la  Geologic,'*  chap.  v. ;  Sonl^ements  et 
Abaissements  Contemporains,  t.  i.,  p.  645. 
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im])ortant,  as  proving  a  relative  change  of  level  at  a  recent 
geological  period.  * 

Changes  in  the  relative  levels  of  sea  and  land,  and  which 
can  be  measured  by  that  of  the  ordinary  tidal  wave  of  an 
oceanic  coast,  are  not  confined  to  the  north  of  Europe.  Facts 
appear  to  show,  that  there  has  been  a  gradual  sinking  of  the 
west  coast  of  Greenland  during  at  least  a  century.  Dr. 
Pingel  has  shown  that  in  a  firth,  called  Igalliko  (lat  60''  43'  N.), 
a  house  built  on  a  small  rocky  island  is  now  submerged ;  that 
the  foundations  of  a  storehouse  of  the  colony  of  Julianahaab, 
founded  in  1776,  are  only  now  dry  at  low  water ;  that  near  itte 
village  of  Fiskenass  (lat.  63'  4'  N.),  they  have  been  obliged  to 
shift  the  poles  for  the  women's  boats,  the  old  poles  still 
standing  in  the  sea ;  and  that  to  the  north-east  of  Godthaab 
(lat.  64^  10'  N.),  the  remains  of  a  winter  house  are  now  beneath 
high  water.  *  Dr.  Pingel  mentions,  that  no  original  Green- 
lander  builds  his  house  so  near  the  water's  edge.  This  author 
adds,  that  firom  information  highly  deserving  of  credit,  ruins  of 
ancient  Greenland  winter-houses  at  Napparsok,  45  (Fnglish) 
miles  north  of  Ny-Sukkertop  (lat.  65^  20'  N.),  are  to  be  seen 
under  water,  f  Thus,  for  about  368  English  miles  there  would 
appear  evidence  of  this  subsidence,  and  it  is  supposed  to  extend 
to  Disco  Bay,  about  256  miles  further  north. 

It  has  been  supposed  that  the  movement  noticed  in  the 
Bay  of  Naples  has  not  been  confined  to  it,  and  that,  however 

*  M.  Alex.  Brongniart  foand  baiani  still  od  the  rocks,  beneath  a  mass  of 
shells,  of  the  same  species  as  now  live  in  the  adjoiniDg  sea,  and  216  (English) 
feet  above  its  level,  near  Uddevalla  (Tableau  des  Terrains  qui  compoeoit 
r]^corce  da  Globe,  p.  89).  Sir  Charles  Lyell  had,  in  1834,  an  opportunity  of 
verifying  this  observation,  not  only  by  discovering  baiani  adhering  to  the  rocks, 
but  also  small  zoophytes  (^CtUepcraf)  beneath  a  mass  of  similar  shells  at 
Knred,  two  miles  north  of  Uddevalla,  at  more  than  100  feet  above  the  ad- 
joining sea.  With  respect  to  the  raised  acenmnUtions  on  the  Baltic  side,  the 
same  geologist  foand  them  more  than  100  feet  above  the  a4j<aning  sea  at 
Sodertelje,  16  miles  south- west  from  Stockholm.  The  shells  in  these  deposits 
are  well  characterized  as  Baltic,  and  Sir  Charles  Lyell  points  oat  that  the 
marine  molluscs  found  in  the  Baltic,  though  **  very  nameroos  in  individuals, 
are  dwarfish  in  size,  scarcely  even  attaining  a  third  of  the  average  dunenaons 
which  they  acquire  in  the  Salter  waters  of  the  ocean."-- Principles,  7th  edition, 
p.  503. 

t  Pingel,  Proceedings  of  the  Geological  Society  of  London,  vol.  ii„  p.  208. 
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local  some  of  the  oscillations  of  the  ground  may  be,  in  conse- 
quence of  the  volcanic  action  connected  with  it,  there  is  a  slow 
elevation  in  progress  affecting  Italy  from  the  neighbourhood  of 
Naples  to  Venice.  It  has  been  inferred  that  there  is  a  change 
of  the  relative  level  of  sea  and  land  near  the  latter  city  of 
about  six  inches  in  a  century,  and  that,  extending  to  Naples, 
this  elevation  (varying  in  the  proportion  of  155  to  660  south- 
wards), is  felt  for  at  least  the  distance  of  520  miles.*  With 
respect  to  elevations  in  the  Mediterranean  connected  with  the 
works  of  man,  Captain  Spratt  and  Professor  E.  Forbes  mention 
an  antique  sarcophagus  in  the  water  of  the  Bay  of  Maori 
(the  ancient  Telmissus),  perforated  by  boring  molluscs  up  to 
a  third  of  its  height,  showing  a  depression  and  subsequent 
elevation  of  the  coast.t  Not  only  are  there  traces  of  terraces 
on  the  limestones  of  Greece,  with  lines  perforated  by  boring 
molluscs,  such  as  now  inhabit  the  adjoining  sea,  but  M.  Bob- 
laye  also  points  out  a  cavern  near  NapoU  di  Romania,  raised 
five  or  six  yards  above  the  level  of  the  Mediterranean,  con- 
taining a  breccia,  the  formation  of  which  he  refers  to  historic 
times,  inasmuch  as  fragments  of  antique  pottery  are  included  in 
iLX  Continuing  researches  of  this  kind  in  the  Mediterranean, 
we  find,  on  the  authority  of  M.  de  la  Marmora,  that  on  the 
coast  of  Sardinia  there  is  a  deposit  now  raised  above  the  sea, 
in  which,  mingled  with  terrestrial,  fluviatile,  and  marine  shells, 
are  the  remains  of  ancient  pottery.  The  bed  is  described  as 
sloping  gently  seawards,  so  as  to  represent  part  of  an  ancient 
coast  with  a  portion  of  its  adjoining  sea-bottom.  The  remains 
of  pottery  are  found  where  an  ancient  coast,  inhabited  by  man, 
may  be  supposed  to  have  ranged,  the  marine  sheUs  of  the  same 
species  as  now  found  in  the  adjoining  sea  becoming  abundant 
outwards  where  the  old  sea-bottom  occurred.  At  about  150 
feet  on  the  north-west  of  Cagliari,  oysters  {Ostrea  edulis)  are 
found  adhering  to  the  rock  on  which  they  grew ;  and  M.  de  la 
Marmora  discovered,  also  on  the  north-west  of  Cagliari,  among 

^  MM.  Ant.  Niccolini  and  Em.  Campo-Lonzd,  as  qaoted  by  M.  D'Archiac^ 
«'  Histoire  des  Progres  de  la  G^logie,"  t.  i.  p.  659. 
t  «  Travels  in  Ljcia,  Mylias,  and  the  Cibyratis,"  toI.  ii.,  p.  189,  1846. 
t  «  Joornal  de  O^logie*"  torn.  iii. 
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the  pottery,  a  round  ball  of  baked  earth,  about  the  size  of  an 
apple,  with  a  hole  in  the  centre,  as  if  to  pass  a  cord  through. 
M.  de  la  Marmora  considers  that  this  ball  may  have  belonged 
to  fishermen  following  their  calling  on  this  coast,  and  who  used 
such  balls  instead  of  lead  before  the  change  of  level  elevating 
the  deposit  to  its  present  situation.* 

The  circumstances  above  noticed  will  be  sufiBcient  to  show 
the  observer,  that  movements  of  the  ground  as  well  gradual  as 
somewhat  more  sudden,  have  taken  place  since  the  localities 
mentioned  have  been  inhabited  by  man,  and  that  there  may 
have  been  oscillations  of  the  land  in  certain  situations.  These 
movements  cannot  be  termed  permanent  in  a  strictly  geological 
sense,  since  the  history  of  the  surface  of  our  planet  is  one  of 
change  and  modification,  with  respect  to  the  distribution  of  land 
and  water ;  but  they  may,  for  the  most  part,  be  so  regarded 
with  reference  to  the  lapse  of  many  centuries,  during  which  man 
may  modify  or  change  his  mode  of  existence  on  the  areas  so 
acted  upon.  Whatever  the  cause  of  these  movements  may  be 
on  the  great  scale,  and  however  the  action  which  is  commonly 
termed  volcanic,  may  merely  constitute  a  modification  of  the 
efiects  due  to  some  general  influence  by  which  whole  continental 
masses  are  upraised  or  depressed  beneath  tlie  sea-level,  we 
have,  in  earthquakes  and  the  slow  elevation  and  depression  of 
land  now  taking  place,  manifestations  of  the  unstable  support  on 
which  the  present  mineral  surface  of  the  earth  reposes.  That 
earthquakes  on  the  large  scale  may  be  due  to  the  rending  of 
portions  of  the  earth's  crust  so  acted  upon  that  some  previous 
resistance  to  an  upraising  or  depressing  force  is  suddenly  over^ 
come,  while,  in  the  gradual  movements  of  elevation  or  depres«on, 
the  resistance  is  quietly  overpowered,  may  not  be  improbable. 
To  the  cause  of  this  unstable  state  of  the  earth's  surface,  the 
observer  will,  no  doubt,  be  induced  to  inquire  more  particu- 
larly when,  searching  amid  the  various  accumulations  which 
he  will  find  recording  the  past  history  of  our  planet,  he  sees 
proofs  of  elevations  and  depressions  of  old  surfaces  to  which 
those  above  mentioned  are  almost  as  nothing.     It  would  be 


•  "  Jounud  de  G^ologie,"  torn.  iii. 
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out  of  place  here  to  eater  upon  the  hypotheses  which  hav<^ 
been  framed  respecting  it ;  at  the  same  time,  it  may  not  be 
undesirable  to  recall  attention  to  the  results  produced  by 
changes  on  the  earth's  surface,  by  which  dry  land  is  lowered 
and  sea-bottoms  raised  higher,  and  which  Mr.  Babbage  has 
pointed  out  when  accounting  (p.  507)  for  the  oscillations  of 
the  ground  on  which  the  Temple  of  Serapis  is  based,  inas- 
much aSy  whether  the  explanation  be  sufficient  or  insufficient 
for  all  the  phenomena  observed,  it  can  scarcely  be  disregarded, 
if  we  look  for  any  source  of  heat  beneath  the  surface  of  the 
earth,  either  partial  or  central.  * 

Submarine  Forests  and  Raised  Beaches. — ^These  names  for 
comparatively  recent  changes  in  the  relative  levels  of  land  and 
sea,  since  the  vegetation  of  the  former  and  the  animal  life  in 
the  latter  have  been  much  the  same  as  now  found  adjacent  on 
the  one  or  in  the  other,  though  not  perhaps  too  well  chosen, 
since  there  have  been  many  depressions  and  elevations  of  land 
marked  by  the  submergence  of  terrestrial  vegetable  life  and 
the  emergence  of  marine  remains  in  beaches  at  various  geolo- 
gical times,  is  here  retained  as  convenient  for  the  present,  and 
as  the  facts  they  represent  appear  to  belong  to  a  period  when. 


*  Mr.  Babbage  (Proceedings  of  the  Geological  Society  of  London,  February 
1634,  Tol.  ii.,  p.  75)  obserres,  that  **  whenever  a  sea  or  lake  is  filled  up  by  the 
continued  wearing  down  of  the  adjacent  lands,  new  beds  of  matter,  conducting 
heat  much  less  quickly  than  water  carries  it,  are  formed ;  and  that  the  radiation, 
also^  from  the  surfieMse  of  the  new  land,  will  be  different  from  that  from  the 
water.  Hence  any  source  of  heat,  whether  partial  or  central,  which  previously 
existed  below  that  sea,  must  heat  the  strata  underneath  its  bottom,  because  they 
are  now  protected  by  a  bad  conductor.  The  consequence  must  be,  that  they 
will  raise,  by  their  expansion,  the  newly  formed  beds  above  their  former  level, 
and  thus  the  bottom  of  an  ocean  may  become  a  continent  The  whole  expan- 
sion, however,  resulting  from  the  altered  circumstances,  may  not  take  place 
until  long  after  the  filling  up  of  the  sea,  in  which  case  its  conversion  into  dry 
land  will  result  partly  from  the  filling  up  by  detritus,  and  partly  from  the  rise 
of  the  bottom.  As  the  heat  now  penetrates  the  newly  formed  strata,  a  different 
action  may  take  place ;  the  beds  of  clay  or  sand  may  become  consolidated,  and 
may  contract  instead  of  expanding.  In  this  case  either  large  depressions  will 
occur  within  the  limits  of  tiie  new  continent,  or,  after  another  interval,  the  new 
land  may  again  subside  and  form  a  shallow  sea.  This  sea  may  be  again  filled 
op  by  a  repetition  of  the  same  processes  as  before,  and  thus  alternations  of 
marine  and  fresh-water  deposits  may  occur,  having  interposed  between  them 
the  prodoctions  of  dry  land. 
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though  the  traces  of  man  and  his  works  may  not  be  found  in 
connexion  with  them,  they  seem  not  far  removed  from  the 
time  of  man.  The  evidence  is  no  doubt  negative  as  to  tbe 
absence  of  man  from  the  coasts  where  these  changes  may  have 
been  effected,  certain  conditions  being  needed  for  the  preser- 
vation either  of  his  remains  or  those  of  his  works,  and  certainly 
some  of  the  changes  of  this  kind  may  readily  have  occurred 
since  man  was  created  on  our  planet,  though  no  traces  of 
human  existence  either  in  the  contemporary  aocumulationB 
themselves  or  in  their  mode  of  occurrence  have  been  detected. 
While  alterations  in  the  relative  levels  of  land  and  sea  have 
occurred  in  countries  long  inhabited  by  civilized  races,  and  are 
now  being  effected  where  sufficient  interest  is  taken  to  record 
them,  it  is  scarcely  to  be  supposed  that  the  like  have  not  taken 
place  in  regions  inhabited  by  man  in  a  less  advanced  state,  the 
more  especially  as  the  study  of  geology  teaches  us  that  such, 
as  will  be  hereafter  seen,  have  occurred  during  a  long  lapse  of 
geological  tim^. 

It  can  rarely  happen  that,  without  some  historic  record  of 
the  event,  the  submergence  of  a  coast  to  any  marked  depth  can 
be  well  ascertained.  The  water,  except  under  very  rare  and 
favourable  circumstances,  would  remove  the  traces  of  the  old 
coast  lines  from  our  riew,  and  new  accumulations,  mechanical 
or  chemical,  would  tend  still  further  to  conceal  them.  As 
regards  the  evidence  of  a  submergence  of  the  shores  of  Europe 
for  a  considerable  extent  on  its  western  and  oceanic  front,  we 
fortunately  possess  good  evidence  in  those  trees  and  accumu- 
lations of  other  plants  around  them,  which  have  been  termed 
Submarine  Forests.  These  are  to  be  found  imder  the  same 
general  conditions,  from  the  shores  of  Scandinavia  to  those  of 
Spain  and  Portugal,  and  around  the  British  Islands.  So 
common  to  the  whole  are  their  general  characters,  that  without 
supposing  an  absolute  contemporaneous  submergence,  or  one 
of  equal  amiDunt  throughout,  there  still  remains  a  change  of 
the  relative  level  of  sea  and  land  of  a  marked  kind  over  tbe 
whole  of  this  area.  These  'forests'  sometimes  occur  on  the 
seaward  front  of  a  minor  valley,  and  of  others  of  &r  larger 
dimensions,  even  beneath  the  accumulations  of  a  conaideraUe 
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estuaiy,  and  are  found  stretching  inland  for  considerable  dis- 
tances under  deposits  of  gravels,  sands,  and  clays,  the 
latter  sometimes  slightly  elevated  above  the  sea,  and  occupy- 
ing somewhat  large  tracts  of  country. 

Tlie  slopes  on  which  the  ^  forests  *  rest  are  variable^  though 
usually  dipjnng  seaward  at  a  very  slight  angle.  If  the  ob- 
server will  imagine,  that  during  low  water,  on  any  tidal  coast,  a 
change  of  relative  level  of  land  and  sea  were  effected,  so  that 
the  low  water  line  became  that  of  high  water,  he  may  form  a 
good  idea  of  the  varied  slopes  and  different  areas  on  which  the 
trees  and  other  plants  may  have  grown,  and  which,  now  par- 
tially or  wholly  submerged,  constitute  'submarine  forests.' 
"While  they  are  often  wholly  beneath  the  level  of  high  water, 
at  others  they  are  partly  beneath  it,  and  partly  rise  to,  or  above 
it.  The  following  section  (iig.  151)  will  illustrate  the  mode 
of  occurrence  of  several,  where,  after  a  submergence,  other 
accumulations  have  been  effected  over  a  portion,  if  not  the 
whole ;  and  so  that  while  a  part  may  be  laid  bare  by  the  action 
of  the  breakers,  others  may  be  concealed  seaward  beneath  the 
water,  or  be  covered  by  gravels,  sands,  or  clays  inland. 

Pig.  151. 


Let  a,  b,  represent  the  level  of  high  water,  and  c,  cf,  that  of 
low  tide,  e,/,  a  line  marking  the  general  plane  of  the  'sub- 
marine forest,'  ff^  a  beach  thrown  up  in  the  usual  manner,  and 
A,  sand,  clay,  or  any  other  accumulation  covering  up  the 
*  forest ;'  then  it  usually  happens,  especially  after  such  a  state 
of  the  tides  and  weather  as  sliall  remove  a  part  of  the  beach, 
that  the  trees  and  other  vegetation  are  alone  visible  on  the  shore 
at  levels  corresponding  with  those  at  which  the  tide  may  cut 
the  general  plane  of  the  '  forest'  The  extension  of  the  trees 
and  other  vegetation  seaward  may  never  be  known  except  in 
the  case  of  a  roadstead  for  shipping,  such  as  at  the  Mumbles, 
near  Swansea,  or  on  fishing-grounds,  where  the  anchors  or  nets 
may  bring  up  portions  of  them.  In  like  manner  inland  their 
spread  in  such  directions  may  only  be  made  apparent  by 
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canals,  docks,  or  other  works  cutting  through  the  superincnm- 
bent  accumulations,  as  has  been  done  in  many  localities. 

Although  this  movement  over  so  considerable  an  area  may 
not  always  hare  been  tranquil,  the  very  common  state  of  the 
Tegetation  preserved  would  lead  to  the  inference  ittat  it  bad 
very  frequently  been  so ;  for,  as  in  the  following  section  (fig. 
152),  the  trees  a,  a,  a,  a,  a,  are  in  their  actual  places  of 
Fig.  16S. 


growth,  though  prostrate  trees,  b,  may  be  often  found  among 
them,  and  the  matted  remfune  of  branches,  leaves,  and  various 
plants,  as  well  as  certain  animal  remans,  soch  as  tiie  boms  of 
deer  and  oxen,  c,  c,  intermingled  with  the  roots  or  accumulated 
round  them,  and  constituting  part  of  the  old  ground,  d,  d,  aie 
undisturbed.  For  further  Illustration  the  supporting  rocks, 
e,  e,  which  may  be,  and  are  of  all  kinds,  as  also  some  covering 
beds,y,y,  supposed  inland,  are  also  represented. 

When  an  observer  is  studying  any  of  the  nnmerous  situatims 
where  these  '  forests '  are  to  be  seen,  it  wiU  be  dedrable  that 
be  should  do  so  with  reference  to  the  locality,  and  its  connexion 
with  any  larger  area  ;  to  the  mode  of  growth  of  the  trees,  and 
distribution  of  the  other  remuns  of  v^etation  mingled  with 
them,  and  their  agreement  with,  or  difference  from,  any  plants 
of  a  similar  kind  now  found  in  the  vidnity,  wbetber  as  regards 
kind  or  mode  of  accumulation ;  to  the  remuns  of  aoimala  found 
intermingled  with  the  v^etation,  and  to  the  probable  form  of 
the  area  occupied  by  the  '  forest,'  as  well  inland  as  seaward. 
Various  nooks  and  comers  of  oceanic  bays,  where  we  may 
suppose  vegetation  could  have  flourished  under  differences  of 
level,  80  that  more  dry  land  was  exposed,  should  be  examined 
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as  well  as  very  sheltered  situations  in  places  less  open  to  the 
ravages  of  the  sea.  Thus  a  part  of  the  coast  of  Tiree,*  Hehrides, 
and  of  another  in  the  Bay  of  Skaill,t  Mainland  of  Orkney, 
though  both  exposed  to  the  ocean,  furnish  the  remains  of  these 
*  forests '  as  well  as  the  ramifications  of  old  estuaries  amid  the 
shores  of  the  British  Channel  and  Sevem,t  and  the  low  grounds 
of  Lincolnshire  and  Cambridgeshire,  now  bounded  on  the 
eastern  coast  of  England  by  '  the  Wash.'§  As  regards  the 
tideless  Baltic,  trunks  of  oaks  and  pines  {Finns  sylvestris)  and 
other  trees,  the  roots  in  their  natural  positions,  often  several 
times  above  each  other,  and  the  whole  five  feet  beneath  the 
level  of  that  sea,  are  found  on  difierent  points  of  the  coast  near 
Greifbwald,  near  Gnageland,  on  the  south-east  side  of  the 
Ha£^  in  the  island  of  Usedom,  and  in  the  vicinity  of  Colberg. 
They  are  separated  from  the  sea  for  variable  breadths  of  coast 
by  sandy  dunes,  under  which  they  do  not  extend,  there  gradu- 
ally disappearing.  In  the  vegetable  mass  accompanying  the 
trees,  terrestrial,  marsh,  and  fresh- water  plants,  with  their 
seeds,  are  alone  discovered,  remains  of  marine  vegetation  not 
being  found.  II 

*  The  Rer.  C.  Smith,  "Edinbargh  New  Philosophical  Journal/'  1829. 

t  Watt,  "  Edinbargh  Philosophical  Journal/'  vol.  iii.  Stems  of  small  fir  trees, 
ten  feet  long  and  fiye  or  six  inches  in  diameter,  were  here  fouid  partly  imbedded 
in  and  partly  resting  on  the  yegetable  matter,  chiefly  composed  of  leaves. 

t  The  '  forest '  passes  beneath  a  considerable  portion  of  the  flat  low  land 
commonly  known  as  the  Bridgewater  Levels,  and  it  is  to  be  found  in  numerous 
other  portions  of  the  old  area  of  the  estuary.  The  part  exposed  on  the  coast  of 
Stolibrd  has  been  described  by  Mr.  L.  Homer  (Geological  Transactions, 
vol.  iiL,  p.  380)  who  pointed  out  that  many  of  the  remains  of  trees  were  rooted 
as  they  grew,  while  others  were  prostrate,  some  20  feet  in  length.  Remains  of 
the  Zottera  oceanica  were  dispersed  amid  the  vegetable  matter  in  which  the 
trees  occur.  Dr.  Buckland  and  Mr.  W.  D.  Conybeare  (Geoh  Trans.,  2nd 
series,  voL  i.,  p.  310)  mention  oak,  fir,  and  willow  trees,  sometimes  of  large 
dimensions,  partly  rooted  as  they  grew  and  partly  prostrate,  15  to  20  feet 
beneath  the  snr&ce  of  the  Bridgewater  Levels.  Furze  bushes  and  hazel  trees 
with  their  nuts  are  intermingled  with  them. 

}  The  Yegetable  accumulations  of  this  kind  have  long  been  known  in  Lin- 
colnshire and  Cambridgeshire.  In  1799,  M.  Correa  de  Serra  described  (Philo- 
sophical Transactions)  the  '  submarine  forest '  of  Lincolnshire  as  composed  of 
roots,  trunks,  branches,  and  leaves  of  trees  and  shrubs,  intermixed  with  aquatic 
plants,  many  of  the  roots  still  standing  in  the  position  in  which  they  grew, 
whUe  the  trunks  were  laid  prostrate.    Birch,  fir,  and  oak  were  distinguishable. 

II  German  translation  of  De  la  Beche's  Geological  Manual.     «*  In  some 
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Occasionally  the  bones  of  quadrupeds,  and  the  traces  of 
their  foot-prints,  are  discovered  in  these  *  forests,'  as  also  the 
remains  of  insects,  which  are  important  as  enabling  the  ob- 
server to  consider  the  distribaUon  of  the  terrestrial  animal  life 
as  well  as  that  of  the  plants  of  the  time.     Thus,  among  the 
vegetable  accumulations  apparently  of  this  date  on  the  hsmks 
of  the  Humber,  remains  of  the  red  deer  {Cervus  Elephas)  and 
the  fallow  deer  (C  Dama)  have  been  detected ;  and  in  the 
^  submarine  forest '  of  Minehead,  Somersetshire,  the  bones  and 
antlers  of  the  red  deer  are  discovered  amid  the  upright  stamps 
of  trees  (chiefly  oaks)  now  below  the  level  of  the  sea  and  covered 
by  it  at  high  water,  the  trees  rooted  as  they  grew.    The  latter 
is  especially  an  interesting  circumstance,  as  the  red  deer  are 
still  found  wild  in  the  adjoining  forest  of  Exmoor,  so  that  the 
change  of  level  has  been  effected  since  the  red  deer  inhabited 
the  district.     Extending  our  researches  into  Cornwall,  we  find 
that  a  change  of  level  may  have  happened,  submerging  vege- 
tation in  its  place  of  growth,  even  after  the  introduction  of 
man  into  Western  England ;  for,  at  the  Camon  tin  stream- 
works,  north  of  Falmouth,  whence  pebbles  of  tin  ore  have  been 
extracted  from  beneath  the  bottom  of  an  estuary,  human  skulls 
are  stated  to  have  been  discovered  with  the  bones  of  deer, 
among  the  trees  and  other  vegetable  remains  covering  the 
stanniferous  gravel.     Trees,  partly  in  their  places  of  growth, 
their  roots  descending  among  the  tin  pebbles,  have  been  found 
48  feet  below  high-water  mark  at  die  Pentuan  tin  stream- 
works,  Cornwall,  covered  by  estuary  and  fluviatile  accumu- 
lations, and  which  may  be  the  equivalent  of  the  Camon  bed,* 


places  the  Arundo  phragmxtes  so  abounds  that  the  peaty  mass  seems  entnelj 
composed  of  it.  llie  lower  layers  contain  CeraiophpUum  dewtemm,  Polona- 
geton  pusillum,  Najas  major,  and  Nymphaa  Intea.  Scirpus  palusHs  and  Hip- 
puris  vulgaris  are  also  found  with  the  Arundo.  Seeds,  especiaUy  of  the  Mei^ 
anthu  tri/oliata,  are  also  frequent  in  the  lower  layers.  The  ground  beneath 
the  peat  contains  fresh-^wcUer  shells ;  Paludina  impura,  Ijun.,  PUmorhU  imbri- 
coins.  Cyclostoma  acutum,  and  Limneus  vulgaris. 

•  The  section  showed  a  bed,  about  18  inches  thick,  of  wood,  leaves,  note, 
&c^  beneath  about  50  feet  of  silts  and  sands,  with  shells,  the  vegetabie  aocnma- 
lation,  with  its  human  skulls  and  remains  of  deer,  resting  on  the  pebbles  of  tin 
ore,  and  of  quartz,  slate,  granite,  Ac,  commonly  termed  the  tin  grornHL—Bea- 

ood,  *«  Trans.  Geok  Soc.  of  Cornwall,"  vol.  iv.,  p.  68.  [At 
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not  far  different  in  depth  beneath  the  same  level.  Whatever 
may  have  been  the  relative  date  when  the  skulls  were  en- 
tombedy  siqipoBing  the  Camon  accumulation  in  which  they 
were  discovered  not  to  be  precisely  equivalent  to  the  •  sub- 
marine forest '  disclosed  by  the  mining  operations  at  Pentuan, 
it  would  still  appear,  as  we  have  elsewhere  remarked,*  '^  that 
after  the  causes  which  produced  the  tin  ground  or  stanniferous 
gravel  (of  Cornwall)  had  ceased,  the  relative  levels  of  sea  and 
land  were  such  in  this  district  that  a  growth  of  plants  and  trees, 
not  dissimilar  from  that  of  the  present  day,  took  place  upon  the 
gravel,  and  that  subsequently  these  levels  became  altered,  so 
that  the  sea  covered  the  lower  parts  of  the  valleys  previously 
above  water.    In  the  creeks  thus  formed,  silt,  mud,  and  sand 


At  the  Pentoan  tin  stream-works,  where  miiung  operations  were  conlinned 
under  the  sea-leTel  for  the  extraction  of  the  tin-ore  pebbles,  the  vegetable  accu- 
molation,  the  roots  of  trees  passing  down  to  the  ^  tin  ground,*  was  (at  the  Happy 
Union  Works)  aboat  80  feet  below  the  level  of  low  water,  and  48  feet  beneath 
that  of  high- water  q»ring  tides.  The  trees  had  been  submerged  so  that  oyster- 
shells  were  foond  attached  to  their  stumps.  "  The  roots  of  the  oak  are  in  their 
natural  position,"  observes  Mr.  Colenso,  *'  and  may  be  traced  to  their  smallest 
fibres  (in  the  tin  ground)  even  so  deep  as  two  feet ;  from  the  manner  in  which 
tbey  spread,  there  can  he  no  doubt  that  the  trees  have  grown  and  &l]en  on  the 
spot  where  their  roots  are  found."  Resting  upon  this  accumalation  is  a  bed  of 
silt,  about  two  feet  thick,  in  which  there  are  also  wood  and  hazel  nuts,  and  with 
iliese  vegetable  remains  the  bones  and  horns  of  deer,  oxen,  &c.  Mr.  Colenso 
fbrther  statas,  that  the  shells  dispersed  through  this  bed,  commonly  in  layers, 
present  the  appearance  of  their  animals  having  lived  and  died  on  the  places 
where  their  remains  are  now  discovered.  Above  this  accumulation  follow  in 
ascending  order ; — a,  a  bed  of  sand,  four  inches  thick,  containing  marine  shells ; 
b,  silt  or  day,  two  feet  thick ;  c,  sand,  20  feet  thick.  (*'  In  all  parts  of  this  sand 
there  are  timber  trees,  chiefly  oaks,  lying  in  all  directions,  and  also  the  remains 
of  animals,  such  as  parts  of  n;d  deer,  &c  Human  skulls  have  also  been  found 
in  it,  as  also  those  of  whales.'*)  d,  a  bed  of  rough  river  sand  and  gravel,  here 
and  there  mixed  with  sea  sand  and  silt,  about  20  feet  thick,  extending  to  the 
surfkce.  Mr.  Colenso  states,  that  a  short  time  before  he  described  the  section 
(1829),  the  remains  of  a  row  of  wooden  piles  had  been  found  in  this  sand, 
sharpened  fer  the  purpose  of  driving,  and  that  they  appeared  to  have  been  used 
in  the  construction  of  a  wooden  bridge  for  foot  passengers.  They  crossed  the 
valley,  and  were  about  six  feet  long,  their  tops  being  about  24  feet  from  the 
present  surface,  just  on  a  level  with  the  present  low  water  at  spring  tides.  He 
remains,  that  if  the  relative  sea  level  had  been  then  as  now,  such  a  bridge  would 
have  been  oaeless. 

*  **  Beport  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset,"  p.  406 
(1839). 
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were  deposited,  entombing  the  remains  of  marine  and  esta- 
ary  shells  of  the  same  species  as  those  which  now  exist  on  the 
coasty  and  finally,  from  the  continued  drift  of  aUurial  matter 
down  the  yalleys,  river  detritus  covered  up  these  marine  or 
estuary  deposits  when  they  had  accumulated  to  the  necessary 
height" 

As  regards  the  British  'submarine  forests,'  they  not  only 
show  that  red  and  fidlow  deer,  spedes  now  living,  roamed 
among  them  when  they  were  above  water  and  in  full  growth^ 
and  possibly  that  man  may  have  been  an  inhabitant  of  Western 
England  at  the  time,  but  also  that  they  were  tenanted  by 
species  of  at  least  one  large  quadruped  which  is  now  extinct. 
Of  this  evidence  has  been  obtained  in  the  '  submarine  forests ' 
on  the  coasts  of  South  Wales.  Among  other  places  where 
they  are  found  on  the  shores  in  that  district,  there  is  a  con^ 
siderable  tract  of  low  ground  extending  from  the  mouth  of  the 
Neath  river  eastward  beyond  Port  Talbot,  fringed  by  a 
covering  of  blown  sand  hills.  Beneath  these  and  the  low 
ground,  natural  and  artificial  operations  have  occauonally  ex- 
posed the  vegetable  accumulation,  the  stumps  of  trees  with 
their  roots  standing  as  they  grew,  with  prostrate  trunks,  and  the 
usual  characteristics  of  the  *  forest.'  On  the  surface  of  the  clay 
in  which  the  trees  are  rooted,  foot-prints  have  been  here  and 
there  detected,  as  if  in  passages  amid  the  trees  by  which  ani- 
mals found  their  way  through  them,  these  foot-prints  of  various 
forms  and  sizes,  some  clearly  those  of  deer,  while  now  and  then 
a  large  impression  would  be  observed  resembling  that  of  some 
gigantic  ox,  having  feet  spreading  far  more  widely  than  any 
domestic  ox,  even  of  the  largest  size,  now  known.  This  is  not  an 
isolated  fact,  for  more  westward,  (about  28  miles,)  while  docks 
were  being  constructed  at  the  port  of  ^Pembre,  Caermarthen- 
shire,  and  some  covering  sands  removed,  the  ^  submarine  forest ' 
which  there  occurs  beneath  much  of  the  estuary  of  the  Burry 
and  Llwchwr  was  exposed,  and  similar  foot-prints  were  found, 
some  of  a  great  ox  mingled  with  those  of  the  deer.  Having 
attracted  attention,  drawings  of  these  impressions  were  made 
at  the  time.     As  the  horns  and  skull  of  the  Bos  primigeniuM 


ROOTED  TREES  01?  SUNK  FORESTS  IN  SOUTH  WALES.  521 

were  discovered  near  the  same  place,  apparently  derived  firom 
the  same  beds,  it  may  be  that  the  foot-prints  mentioned  might 
have  been  those  of  this  large  animal. 

We  would  thus  seem  to  arrive  at  a  period  for  the  growth  of 
these  *  forests '  in  England,  when  not  only  species  of  existing 
British  animak  then  wandered  among  them,  but  also  one,  if 
not  more,  of  the  now  extinct  mammals,*  leading  into  the  times 
when  elephants,  hyaenas,  and  other  extinct  quadrupeds  also 
tenanted  this  country.  Indeed,  when  contemplating  from  any 
of  the  adjacent  heights  the  range  of  country  which  includes  the 
estuary  of  the  Burry  and  Llwchwr,  with  its  ^  submarine  forest  \ 
and  also  one  of  the  limestone  caves  of  that  part  of  the  country, 
wherein  the  remains  of  hyaenas,  rhinoceroses,  and  other  animals 
are  found,  the  cave's  mouth  fronting,  and  not  far  above  the 
range  and  level  of  the  '  forest,'  an  observer  has  some  difficulty 
in  very  clearly  separating  the  time  when  the  forest  grew  and 
the  red  deer  of  the  present  time,  the  great  extinct  ox,  and  the 
rhinoceros  may  have  ceased  to  be  contemporaneous,  anterior  to 
the  submergence  of  the  land  beneath  the  level  of  the  adjoining 
ocean,  in  such  a  manner  that  not  only  the  stumps  of  trees  re- 
mained rooted  in  the  ground  in  which  they  grew,  but  the  foot- 
prints of  mammals  which  roamed  amid  the  forest  of  this  period 
also  remained  uninjured  during  the  time  when  they  were 
covered  over  by  silt  and  sand. 

YHiile  thus  there  is  evidence  of  a  change  in  the  relative 
level  of  sea  and  land,  by  which  the  latter  has  been  lowered 
several  feet  beneath  the  former  along  the  oceanic  shores  of 
Europe  for  about  20^  of  latitude,  there  is  also  evidence  of 
changes  of  levels  on  the  same  coasts  of  the  reverse  kind,  beaches 
and  worn  clifis  affi)rding  proofe  of  them,  and  the  remains  of 
molluscs  showing  that  such  (Ranges  occurred  after  these  were 
of  the  same  species  as  those  which  now  inhabit  the  adjoining 


*  It  becomes  interesting,  as  connected  with  the  sabject,  to  ascertain  how  ftr 
aay  of  the  localities  where  the  antlers  and  bones  of  the  Megacerog  Hibemicua 
are  found  may  be  connected  with  the  tracts  of  *  submarine  forests.'    The  genera' 
evidence  respecting  this  gigantic  and  extinct  deer  would  appear  to  be,  that ' 
remains  are  discovered  in  fresh-water  shell  marls  or  gravels  beneath  exisi 
bogs. 
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8eaB.  Reference  has  been  preyiously  made  (p.  321,  &c.)  to 
the  mollusc  remiuns  of  eiisting  species  found  entombed  in 
deposits,  of  the  inferred  comparatiyely  recent  and  yery  cold 
condition  of  Northern  Europe ;  a  time  when  molluscs  of  an 
arctic  character  reached  more  southwards  than  at  present. 
Still  referring  to  the  same  period,  and  to  the  evidence  pointing 
to  a  submei^oice  and  emergence  of  the  lands  of  the  British 
Islands  to  the  amount  of  1000  to  1500  feet,  and  probably  also 
of  much  of  Western  Europe  to  variable  depths  and  heists, 
nany  tracts  of  old  coasts  and  beaches  would  be  expected,  tiiesr 
greater  or  less  ^ate  of  preservation  depending  upon  local  cir- 
cumstances as  well  as  on  the  more  general  influences  of  diflSsient 
climates.  Amid  the  varied  cli&  and  beaches  left  by  so  con- 
siderable an  emergence,  if  we  are  to  suppose  it  slow,  intervals 
of  comparative  stability  intervening,  tlie  observer  would  antici- 
pate much  difference  of  level  in  the  cliffs  and  beaches  he  may 
discover,  expecting,  nevertheless,  all  other  circumstances  being 
the  same,  that  the  clijflls  and  beaches  would  be  the  less  injured 
in  proportion  as  they  were  the  more  recent. 

The  coasts  of  Europe  present  many  examples  of  difi  and 
beaches  elevated  above  the  present  level  of  the  adjoining  seas, 
the  beaches  containing  fragments  of  the  shells  of  molluscs  still 
inhabiting  the  latter.  The  coasts  of  the  British  Islands,  from 
their  position,  and  the  variable  conditions  under  which  they 
occur  relatively  to  exposure  or  comparative  shelter  from  the 
Atlantic,  and  the  variaUe  rise  and  fadl  of  tides,  afford  excellent 
opportunities  for  the  study  of  these  diSs  and  beaches.  And 
with  respect  to  the  consideration  of  such  changes  of  level,  the 
observer  should  bear  in  mind  the  alterations  that  may  be  eflkoted 
by  the  conversion  of  an  estuary,  facing  the  tidal  wave  coming 
in  from  the  Atlantic  or  any  other  ocean,  into  a  more  spread 
area  of  water  by  submergence  of  the  land,  and  by  converting 
the  latter  into  the  former  by  an  emergence,  the  wearing  away 
of  clifi?  or  the  accumulation  of  beaches  continuing  up  to  hirii* 
water  mark.  For  example,  if  the  land  of  New  Brunswick  and 
Nova  Scotia  were  depressed  beneath  the  ocean  (and  no  very 
considerable  submergence  would  be  required),  so  that  the  tidal 
wave  flowed  freely  over  from  the  present  Bay  of  Fundy  to  the 
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t  Gulf  of  St.  Lawrence,  there  would  be  an  end  of  the  causes 

0  (p.  90)  producing  the  very  high  rise  of  tide  in  that  bay,  and, 

consequently,  its  plane  of  lines  of  clifis  and  beaches.     The 
same  would  also  happen,  though  on  a  minor  scale,  if  the  land 
fi  bounding  the  Bristol  Channel,  and  its  continuation,  the  Severn, 

^  was  so  depressed  beneath  its  present  relative  level,  that  the 

great  rise  of  tide  (46  to  50  feet)  at  King's  Road  (Bristol)  and 
Chepstow  was  no  longer  produced,  the  tidal  wave  sweeping 
^  onwards  without  much  obstruction,  and  passing  round  on  the 

}  north  and  south  of  Wales,  then  becoming  an  island.    In  such 

cases  the  inclined  plane  corresponding  to  the  high-water  mark 
^  would  be  depressed  at  different  depths  beneath  the  general 

,  level.     In  like  manner  the  observer  should  well  weigh  the 

changes  and  modifications  by  which  similar  estuaries  or  bays 
during  emergence  from  the  sea  may  have  such  tides  produced 
in  them  as  are  now  found,  so  that  after  having  cliffs  worn  out, 
or  beaches  thrown  up  at  some  more  equal  level,  these  more 
inclined  planes  of  the  one  or  the  other  may  be  formed.  The 
modifications  of  the  relative  heights  at  which  clifis  and  beaches 
may  be  contemporaneously  formed  on  all  tidal  coasts,  according 
to  the  general  level  of  land  and  sea  for  the  time,  require  very 
great  care,  as  also  the  probable  conversion  of  tidal  into  tideless 
seas,  and  the  reverse,  tideless  seas  (employing  that  term  with 
reference  to  tides  capable  of  producing  very  appreciable  geolo- 
gical effects,  and  not  strictly,)  affording  as  a  whole  (due  refer- 
ence being  made  to  the  disturbing  influences  of  winds)  a  better 
general  level  than  the  high-water  line  on  coasts  variably 
affected  by  the  action  of  tides  upon  them.* 

*  It  18  much  to  be  desired,  that  the  governments  of  different  countries  ha¥ing 
sea-coasts  would,  at  convenient  points,  ascertain  the  level  of  mean  tides  (not 
a  difficult  operation),  connecting  the  spots  where  this  may  be  accomplished,  as 
narks  on  the  coast  itself  at  the  actual  level  found  may  be  in  time  obliterated 
from  the  action  of  the  sea  or  atmospheric  influences,  with  copper  bolts,  or  other 
heneh  marks  in,  or  on  some  inland  cliff,  religious  edifice,  or  other  building  likely 
to  be  preserved.  By  oonnecting  such  original  bench  marks,  and  also  others 
inland,  by  a  carefully  considered  system  of  levels,  not  only  might  any  varia- 
tions in  the  relative  levels  of  sea  and  land  be  hereafter  detected,  but  also  move* 
ments  of  the  like  kind  on  the  great,  though  tranquil,  scale  be  ascertained 
inland,  the  means  of  obtaining  the  needfhl  evidence  even  extending  consider- 
able distances  into  the  great  continenu.    With  this  view  the  British  Associa 
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From  the  effects,  chiefly  of  atmospheric  inflaences,  by  which 
the  sides  of  hills  and  mountains  are  decomposed  and  the  dis- 
integrated portions  descend  downwards  into  tlie  valleys  and  low 
grounds,  as  in  the  following  section  (fig.  153),  where  certain 

Fig.  158. 


rocks,  by  bf  slates,  for  example,  decomposed  on  the  surfiice  of 
the  hills,  a,  a,  are  more  or  less  covered  by  this  detritus,  accu- 
mulating in  depressions,  such  as  the  valley  c,  many  a  cliff  and 
beach  is  covered  up,  so  that  inland  the  opportunities  are  leas 
frequent  usually  for  observing  them  than  near  the  sea,  where  a 
coast  may  be  so  cut  back  by  breakers  as  to  exhibit  the  beach 
and  cliff  beneath  this  kind  of  covering.  Let,  for  illustratioiiy 
the  following  section  (fig.  154),  one  which  is  not  uncommon  in 

Fig.  154. 
13  3  4 
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Western  England,  represent  a  raised  beach,  concealed  by  a 
covering,  a,  a,  composed  of  decomposed  rock  and  other  de- 
tritus, descending  from  an  adjoining  hill;  «,/,  being  the  level 
of  high  tide.  Should  there  be  a  heavy  modern  beach  at  e,  so 
that  the  breakers  have  little  access  to  the  lower  part  of  the 
modem  detritus,  a,  a,  even  the  subjacent  rock  may  be  covered 

tion  for  the  AdTanoement  of  Science  had  lines  of  level  ron,  in  1837-8, 
unitiog  bench  marks  connected  with  the  tides  in  the  English  Channel  at  Az- 
mouth,  Devon,  and  in  the  Bristol  Channel,  at  Porteshead,  near  Bristol,  and 
at  Minehead.  The  careftil  levels  worked  out  during  the  progress  of  the  Ord- 
nance Survey  in  the  British  Islands  permit  excellent  connections  with  the  level 
of  mean  tides  around.  If  the  various  European  governments  possessing  ae*- 
^oasts  were  to  establish  proper  tide  marks,  and  Ibrm  connections  by  leveUiQg 

^tween  them,  the  relative  level  of  sea  and  land  in  Europe  ooold  be  to  asoer* 

ined  that  any  changes  in  it  could  readily  be  detected. 
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at  that  point,  b ;  but  should  the  breakers  act  freely,  so  as  to  cut 
back  a  cliff,  then  neither  the  first  distance,  1, 1,  nor  the  second, 
2,  2,  would  expose  the  concealed  beach,  the  latter  only  showing 
the  subjacent  rock  at  b.  When,  however,  the  cutting  back  had 
reached  the  distance,  3,  3,  the  beach  may  be  well  exposed ; 
but  should  the  breaker  action  still  further  wear  away  the  cliff 
to  4,  4,  then  no  trace  of  the  beach  would  be  left.  The  sub- 
joined section  (fig.  155)  of  the  Hoe,  Plymouth,  may  serve  to 

Fig.  155. 


show  how  this  can  really  happen.  In  it,  dj  d^  represent  the 
Devonian  limestones  of  the  locality,  on  a  part  of  which  the 
beach,  c,  reposes,  about  30  feet  above  the  present  high-water 
mark,  containing  the  remains  of  shells  of  the  same  species  as 
are  now  found  in  the  adjoining  sea.  At  a,  this  is  covered  by 
angular  fragments  of  the  limestone  of  the  hill,  derived  from 
the  decomposition  of  its  upper  part,  of  the  same  kind  which  fills 
up  a  cavity  above  at  a\  At  y*,  the  old  cliff  is  seen  behind  the 
beach,  c.  This  section  was  exposed  by  blasting  away  the  lime- 
stone rock,  taken  away  for  use  in  large  quantities.* 

The  following  section  of  part  of  the  Cornish  coast  near  Fal- 

Fig.  156. 


*  The  Bection  is  given  as  seen  in  1830.  The  raised  beach  was  composed  of 
pebbles  of  limestone,  slate,  reddish  porphyry  (occorring  in  places  in  another 
part  of  Plymouth  Sound),  and  red  sandstones,  all  rocks  of  the  yicinity.  Beneath 
the  Plymouth  Citadel,  where  a  sandy  prolongation  of  this  raised  beach  occurs, 
it  is  chiefly  formed  of  fragments  of  molluscs,  of  the  same  lands  apparently  as 
those  in  the  Sound  adjoining.  Other  raised  beaches  are  seen  on  the  coasts  of 
Plymouth  Sound,  as  under  Mount  Edgecumbe,  at  Staddon  Point,  and  nearly 
opposite  the  Shag  Rock,  on  the  eastern  side,  angular  detritus  of  the  acyaoenr 
hills  oorering  them  all. 
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mouth  affords  a  useiul  illustration  of  the  manner  in  which  a 
raised  beach  may  be  covered  by  the  detritus  fiiUing  over  from 
(he  hill  above ;  in  this  case  over  the  face  of  an  ancient  difl^ 
which  would  be  concealed  except  from  the  wearing  away  of  the 
coast  by  the  breakers.  The  section  is  exposed  between  Rose* 
mullion  Head  and  Mainporth,  and  the  angular  detritus,  c,  of 
slate  and  more  arenaceous  beds,  clearly  derived  from  the  hill,  by 
is  well  seen  to  cover  over  the  cliff,  &,  and  the  beach,  a ;  in  all 
respects  corresponding  with  those  in  the  adjacent  coves  and 
bays.  In  this  section,  the  observer  also  finds  a  low  level  of  rocks, 
ea,  formed  at  the  time  when  the  breakers,  at  another  .relative 
level,  were  cutting  back  the  ancient  cliff,  b,  as  similar  planed 
portions  of  rocks  are  being  now  cut  back  on  the  same  coasts  at 
a  lower  level.  Not  far  distant  also,  on  the  same  coast,  at  a 
place  named  Nelly's  Cove,  the  subjoined  section  is  exposed. 

Fig.  157. 


*•*■ 


wherein  a  is  the  raised  beach,  ft,  the  supporting  rock,  and  c  the 
angular  deposit  derived  from  the  rocks  above,  and  which,  as  it 
accumulated,  slid  into  a  form  corresponding  with  that  of  the 
beach  beneath  and  the  old  cliff  behind,  the  covering  detritus, 
the  beach,  and  the  supporting  rocks  being  all  now  in  the  pro- 
cess of  being  cut  back  by  the  heavy  breakers  of  the  adjacent 
sea,  which  in  time  will  obliterate  all  traces  of  the  beach,  its 
covering,  and  the  old  cliff,  leaving  nothing  but  a  bare  wall  of 
the  rocks  now  behind  the  whole. 

When  formed  of  calcareous  substances,  either  limestone 
pebbles  of  various  sizes,  or  of  comminuted  sea-shells,  raised 
beaches  are  sometimes  as  highly  consolidated  as  the  it>cks 
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wlucfa  may  support  them,  carbonate  of  lime  thrown  down  under 
fitting  conditiuns  from  a  solution  in  water  of  the  bicarbonate 
by  means  of  carbonic  acid  (p.  15)  cementing  the  whole  t(^e- 
ther.  Of  the  consolidation  of  a  raised  beach  formed  chiefly  of 
comminuted  sea-shells,  that  at  New  Quay,  on  the  north  coast 
of  CoTDwall,  has  long  been  celebrated.  The  following  (fig. 
158)  is  a  section  seen  on  the  Look-out  Hill,  a,  a,  a,  being  slaty 
Fig.  158. 


and  arenaceous  beds  (dipping  at  a  con^derable  angle)  upoa 
which  the  beach,  b,  composed  of  rounded  pebbles  of  the  adja- 
cent rocks,  cemented  by  consolidated  searshell  sattd,  reposes. 
At  c  are  layers  of  the  same  comminuted  sea-shell  sand,  not 
tmcommon  on  the  shores  and  blown  sandy  dnnea  of  the  neigh- 
bouring parts  of  Coniwall,  the  lowest  layers  being  much  con- 
solidated," and  being  corered  at  i  by  an  accumuUtion  of 
angular  fragments  of  rocks  derived  from  the  hill  above.  The 
present  level  of  high  tide  is  shown  by  the  line  «,  e.  In  this 
case  there  would  appear  to  have  been  some  modificatioD  in  the 
condition  of  this  part  of  the  coast,  permitting  the  deposit  of  the 
layers  of  comminuted  sea-shells  after  the  time  during  which  a 
shingle  beach  was  formed,  and  prior  to  tbe  accumulation  of 

*  The  consolidation  of  time  tuidi  ia  such  that  thej  haye  becD  loDg  emplo;«d 
as  biulding  itoncB  in  the  idjisDiDg  coDotrj'.  Much  of  it  htt  been  used  in  Craii- 
toek  Church,  near  New  Qua;,  vbere  it  appears  to  suffer  little  froin  stmotpherio 
iDfloeBcea,  Andent  none  coffin*  made  oi  this  modem  aaudsloiie  vere  found  ia 
tbe  churchyard,  and  one  of  them  was  to  be  there  seen  ia  1B3B.  Coosolidated 
■and  of  Ibe  like  kind  i»  to  be  foood  in  several  places  beneath  the  Comith  aaiidjr 
done*,  ««peeiall7  when  Ibeie  are  much  ibrmed  of  commiDoted  »ea-«hellg.  Hm 
oODMlidaiiati  of  paui  of  the  nosed  beacti  at  New  Quaj  is  so  coMiderable  that  ia 
breaking  off  a  ponion  in  which  pebbles  of  the  adjoining  rocks  lud  of  quarta 
■re  mingled  with  tbe  sand,  the  fMctnre  will  pass  sometiiDes  throngh  the  pebblei 
M  veil  aa  tnTcne  the  sand)  and  its  cementing  SBbatance. 
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the  covering  of  angular  fragments ;  perhaps,  a  time  when  blown 
sands  were  drifted  over  it,  as  in  parts  of  the  adjacent  coasts  at 
the  present  day,  where  such  sands  are  driven  over  the  shingle 
of  andent  beaches  now  removed  from  the  action  of  the  sea. 
This  view  is  supported  by  a  section  (fig.  159)  in  Fistral  Bay, 
part  (on  the  western  side)  of  the  projecting  land  on  which  the 


other  section  (fig.  158)  is  exposed,  and  where  slates  and  more 
arenaceous  beds,  a,  a,  forming  a  portion  of  the  same  mass  with 
those  exhibited  beneath  the  Look-out  Hill  (fig.  158,  a,  a,  a), 
support  rolled  pebbles,  often  of  large  size,  mingled  with  smaller 
gravel  and  sand,  the  whole  constituting  a  kind  of  beach,  b.  This 
is  surmounted  at  c  by  frequent  alternations  of  fine  gravel  and 
sand,  some  of  the  layers  of  the  latter  being  more  consolidated 
than  others.  At  J,  the  sand  is  less  indurated,  and  at  the  ex- 
tremities of  the  dunes  on  the  north  and  south  become  mingled 
with  angular  fragments  of  rocks  derived  from  the  adjacent 
hills.  In'this  instance  there  would  appear  evidence  of  a  porticm 
of  the  sea  bottom,  adjacent  to  the  coast,  having  been  ele- 
vated when  the  beach  at  the  Look-out  Hill  was  uplifted. 

Still  keeping  to  the  north  coast  of  Cornwall,  as  it  appears 
useful  to  illustrate  changes  of  level  of  this  kind,  where  various - 
modified  effects,  arising  from  them,  are  well  exhibited  in  very 
accessible  localities  within  moderate  distances,  the  observer 
will  find  good  examples  even  of  raised  sandy  dunes ;  thus  ob- 
taining an  insight  into  the  condition  of  a  range  of  oceanic  coasti 
with  its  modifications  of  shmgle  beaches  at  the  foot  of  clifi, 
shallow  shores  with  their  prolongation  of  blown  sands,  and 
accumulations  in  shallow  coast  waters  of  the  time,  aU  upraised 
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and  variously  acted  upon  at  the  present  level  of  breaker  action. 
At  St.  Ives*  Bay  and  Perran  Bay,  sandy  dunes,  accumulated 
when  the  level  of  the  Atlantic  ranged  along  this  land  30  or 
40  feet  higher  than  it  now  does,  the  latter  having  been  since 
upraised,  are  seen  perched  where  existing  conditions  could  not 
place  them,  their  old  supporting  rocks,  previously  removed  from 
breaker  action,  now  cut  into  clifis  by  it.  This  is  especially 
well  shown  in  the  former  bay,  near  Gwythian,  where  a  cliff  of 
hard  rocks,  rising  35  or  40  feet  above  the  present  high-water 
mark,  is  surmounted  by  part  of  an  ancient  beach,  with  old 
sandy  dunes  above  it.  After  thb  uprise,  the  slope  of  the  coast 
was  such  that  on  the  south-west,  in  the  direction  of  Hayle  and 
Lelant,  conditions  for  the  production  of  sandy  dunes  still  con- 
tinued, so  that  in  this  mass  of  blown  sands,  three  miles  in 
length,  modem  are  partly  driven  over  the  older  accumulations 
on  the  sides  and  in  front  of  the  valley  between  Gwythian  and 
Godrevy  Head,  towards  which,  near  Godrevy,  an  excellent 
section  of  a  raised  beach  was,  in  1838,  to  be  found. 

Masses  of  sand  on  coasts,  acted  upon  by  winds,  and  appa- 
rently not  produced  by  existing  conditions  on  such  coasts,  have 
not  always  been  accumulated  as  blown  sands  and  then  elevated ; 
as,  for  example,  at  Porth-dinlleyn,  on  the  coast  of  Caernarvon- 
shire, where  a  mass  of  sand  covers  a  clay  and  gravel,  of  the 
deposits  termed  glacialy  (p.  323,)  and  might,  at  first  sight,  be 
referred  to  raised  sandy  dunes.  Careful  investigation  shows 
that  this  sand  is  an  elevated  sea-bottom,  layers  of  a  harder  and 
more  argillaceous  kind  being  interstratified  with  the  more 
loose  sand,  and  retaining  all  the  perforations  made  by  marine 
animals  when  these  layers  were  at  the  bottom  of  the  sea. 
Breaker  action  is  now  removing  these  sands,  brought  within 
its  influence  by  the  elevation  of  the  land,  and  does  not  assist, 
with  the  wind,  in  forming  sandy  dunes.  These  sands  only  c<m- 
stitute  a  portioD  of  raised  sea-bottoms,  formed  of  either  clay, 
sand,  and  gravels,  with  larger  blocks  of  rock,  dispersed  over 
the  adjoining  land. 

A  raised  beach  of  a  very  instructive  kind  was  long  since 
(1822)  described  by  Dr.  Mantell,*  as  occurring  near  Brighton, 

«  Fossils  of  the  South  Downs,  1822. 
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where  one,  elerated  several  feet  above  the  sea,  rests  upon 
chalk,  the  rock  of  the  coast,  in  the  same  manner  as  the  beach  at 
Nelly's  Cove,  Falmouth  (fig.  157),  reposes  on  the  old  slates 
and  accompanying  beds.  The  beach  near  Brighton  is  backed 
by  an  ancient  cliff  of  chalk,  and,  above  the  beach,  chalk  rabble, 
loam,  &c.,  obscurely  bedded,  contain  many  teeth  and  bones 
of  the  fossil  elephant,  whence  the  name  '^  Elephant  Bed  '* 
has  been  given  it.  Rolled  pieces  of  chalk  and  limestone  are 
discovered  among  the  pebbles,  "  full  of  perforations  m&de  by 
boring  shells."  '*'  In  this  case  the  beach  would  appear  to  have 
been  formed  prior  to,  or  during  the  existence  of,  the  mam- 
moth in  Britain. 

With  regard  to  the  fossil  contents  of  these  beaches,  they 
afford  much  information  as  to  the  exposure  of  the  coasts  of 
the  time  to  differences  in  the  range  of  sea  to  which  they  may 
have  been  open ;  tidal  streams  and  ocean  currents  beii^  modi- 
fied by  ^alterations  in  the  distribution  of  land  and  water.  Pro- 
fessor £.  Forbes  informs  me  that  the  fossil  shells  of  the  raised 
beaches  on  the  shores  of  the  Clyde  are,  in  many  cases,  those  of 
species  which,  though  still  living  in  the  British  seas,  present  a 
more  southern  character  than  the  molluscs  now  existing  in  them, 
and  that  they  are  confined  to  districts  more  southern  and  western 
than  the  Frith  of  Clyde.  He  tlience  infers  a  change  in  the 
direction  of  the  currents  from  the  south,  (especially  in  that 
known  as  Rennell's  current,)  this  change  being  probably  due 
to  the  conformation  of  the  coast  lines  of  the  time. 

It  is  desirable,  as  has  been  done  by  Mr.  R.  C.  Au8ten,f  to 
connect  these  raised  beaches  and  elevated  sea-bottoms  of  the 
same  geological  dates,  and  the  submarine  or  sunk  forests,  widi 
the  present  state  of  the  seas  adjoining  or  covering  them.  After 
carefully  considering  the  subject,  Mr.  Austen  shows  that 
although  the  distribution  of  the  detritus  derived  from  the 
present  coasts  of  France  and  England,  in  the  English  Channel, 


*  Mantell,  "  Wonders  of  Geology/'  6Ui  edit.  (1848),  p.  113,  where  a  secdoo 
and  detailed  description  are  given  of  the  raised  beach  at  Brighton,  east  of 
Kemp  Town. 

t  ''  On^the  Valley  of  the  English  Channel ; "  Journal  of  the  Geological  So- 
ciety of  London,  vol.  vL,  p.  69. 
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and  from  England  and  Ireland  on  the  sea-bottom  to  the  south 
of  the  latter,  with  the  sediment  brought  down  by  the  rnrers  to 
those  coasts,  is  in  accordance  with  the  arrangement  which 
would  be  expected  from  breaker  and  wind-wave  action  and 
tidal  streams ;  liiere  are,  especially  in  the  central  parts  of  the 
English  Channel  and  on  the  outer  range  of  the  100  and  200 
fathom  soundings  towards  the  Atlantic,  bare  rocks,  shingles 
and  coarse  ground,  and  the  shells  of  Uttoral  molluscs  so  occur- 
ing  as  Vf  point  to  the  submergence  of  former  coasts  and  shallow 
water  adjoining  them.  With  regard  to  the  '^  submarine  or  sunk 
forests,"  Mr.  Austen  calls  attention  to  the  necessity  of  not 
limiting  their  extension  beneath  the  sea  outwards  to  the  shores 
where  they  are  now  discovered,  but  to  take  a  more  general 
view  of  them  as  parts  of  submerged  dry  land ;  one  which 
would  better  accord  with  the  coarse  detritus  at  depths,  or  in 
situations,  where  existing  wind-wave  action  and  tidal  streams 
would  not  transport  it,  and  also  with  the  remains  of  littoral 
molluscs.  Patella  tmlgata,  Littorina  littorea^  ^c,  found  in  similar 
situations.  The  evidence  adduced  shows  very  uneven  ground 
outwards,  especially  towards  the  Atlantic ;  strewed  over  inwards 
by  the  varied  detrital  deposits,  partly  the  adjustment  of 
existing  circumstances,  partly  the  mixed  result  of  these  and 
former  conditions  when  the  present  sea-bottom  was  more 
elevated,  even  forming  dry  land  connecting  the  British  Islands 
with  the  continent.  Without  a  proper  chart  *  showing  the  con- 
dition of  the  sea-bottom  around  the  British  Islands,  it  would 
be  difficult  to  convey  a  correct  idea  of  the  inferences  to  be 
derived  from  it ;  but,  as  illustratiDg  a  portion  of  this  bottom, 
Mr.  Austen  remarks,  that  '^  within  a  distance  from  the  sum- 
mits of  the  Little  Sole  Bank,  (parts  of  which  rise  to  within  50 
and  60  fathoms  on  the  south  of  Ireland  and  off  the  mouth  of 
the  English  Channel,)  not  so  great  as  from  the  top  of  Snowdon 
to  tiie  sea,  soundings  have  been  obtained  of  529  fathoms  (3174 
feet) ;  in  other  words,  the  Sole  Bank  rises  from  that  level  to 


*  The  obflexrer  should  consult  the  chart  appended  to  Mr.  Austen's  Memoir, 
in  which  a  large  amonnt  of  valuable  information  relatbg  to  the  sea-bottom  of 
the  area  noticed  is  gathered  together. 

•}  »*  *) 
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nearly  as  high,  and  more  rapidly,  than  does  the  mass  of  Snow- 
don  from  the  sea  level  of  the  Caemanron  coast  by  the  Menai 
Straits."  * 

Amid  the  complications  which  may  arise  in  coasts  where 
there  has  been  gradual  elevation  of  the  land  above  the  mean 
tidal  level  of  the  ocean,  from  the  tidal  differences  above  men- 
tioned (p.  522),  from  the  variable  exposure  to  breaker  action, 
as  the  shores  become  sheltered  at  one  time  and  more  exposed 
at  another,  from  the  amount  of  concealment  of  sea  action  on 
the  surface  of  land  caused  by  atmospheric  influences,  combined 
with  running  waters,  and  from  unequal  elevation  of  the  land 
itself  the  observer  will,  no  doubt,  require  much  caution  while 
endeavouring  to  trace  the  line  of  coast  of  any  one  particular 
time.  This  will  especially  be  the  case  when  there  have  been 
oscillations,  as  there  is  frequently  reason  to  conclude  there  have 
often  been,  during  a  time  when  the  molluscs  of  adjoining  seas 
continued  to  be  much  the  same  as  now  found  in  them. 

In  the  Scandinavian  region,  where  a  slow  rise  of  land 
(p.  507)  is  now  taking  place  more  on  the  north  than  on  the 
south,  and  where  surface  changes,  of  no  great  geological 
magnitude,  by  which  the  land  now  separating  the  Baltic  from 
the  Atlantic  could  so  easily  convert  a  tideless  sea  into  a 
branch  of  the  ocean  (a  tide  rushing  up  the  Gulf  of  Bothnia 
and  producing  its  effects  in  the  same  manner  as  is  now  found 


«  **  The  character  of  the  greater  part  of  the  channel  area,"  continues  Mr. 
Austen,  *'  if  laid  bare,  would  be  that  of,  extensive  plains  of  sand,  surrounded  by 
great  zones  of  gravel  and  shingle,  and  presenting  much  such  an  admixture  and 
arrangement  of  materials  as  we  may  observe  at  present  over  the  Bagshot  dis- 
trict of  deposits ;  whilst  along  the  opening  of  the  channel  there  is  an  obvioos 
configuration  of  hill  and  valley,  and  an  amount  of  inequality  equal  to  that  of 
the  most  mountainous  part  of  Wales."— Journal,  &c.,  vol.  vi.,  p.  85. 

Referring  to  the  examination  of  the  range  of  the  200  fathom  line  from  Cape 
Finisterre  to  the  parallel  of  the  Lizard,  undertaken  by  Captain  Vanhello  in 
1828  and  1829,  Mr.  Austen  points  out  that  the  irregularity  of  soundings  at  this 
line,  which  runs  at  a  comparatively  short  distance,  as  we  have  elsewhere 
remarked  (Researches  in  Theoretical  Geology,  p.  190),  outside  that  of  100 
fathoms,  (represented  in  figs.  65  and  99,  pp.  105  and  301,)  is  far  from  bdng 
confined  to  one  spot,  but  ranges  not  only  southward,  as  shown  by  Captain 
Vanhello,  but  also  to  the  northward.  A  reference  to  fig.  99,  p.  301,  will  shov 
that  the  Rockall  Bank,  westward  of  Ireland,  much  resembles  an  isUnd  under 
irater ;  an  uprise  of  only  COO  feet  would  make  it  one. 
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in  the  Bay  of  Fundy),  traces  of  elevated  ranges  of  coast  are 
seen,  which  are  the  more  interesting,  as  they  serre  to  connect 
former  movements  of  this  kind  with  that  now  taking  place. 
Respecting  the  evidence  on  this  head,  the  observer  will  find  a 
very  valuable  summary  and  general  view  in  the  observations  of 
M.  £lie  de  Beaumont  on  the  researches  of  M.  Bravais,  (con- 
nected with  this  subject,)  in  Scandinavia.*  Shells  of  molluscs 
now  found  living,  as  littoral  species,  on  the  shores  of  Norway, 
are  discovered  raised  518  (English)  feet  above  the  sea  in  the 
province  of  Drontheim,  482  feet  at  Skioldal  and  Hellesaon, 
360  feet  around  Lake  Odemark,  and  206  feet  at  Uddevalla. 
Lines  of  erosion  are  also  inferred  to  mark  the  former  relative 
levels  of  sea  and  land  on  the  Norwegian  coasts.  In  Finmark 
traces  of  an  ancient  line  of  sea-coast  were  followed  from  Alten 
Bay  to  Hammerfest.  These  consisted  of  beaches  and  worn 
lines  of  rock,  forming  the  section  of  a  plane  so  inclined  that 
while  on  the  south  of  Altenfiord  it  rose  221  feet  above  the  sea. 
It  descended  to  94  feet  near  Hammerfest.  Beneath  this  first 
line  was  a  second,  88  feet  above  the  sea  in  the  former  locality, 
46  feet  at  the  latter,  both  these  lines  falling  from  south  to 
north,  the  reverse  of  the  movement  now  taking  place  in 
northern  Scandinavia.  M.  Bravais  considers  that  an  interme- 
diate line  of  ancient  coast  occurs  between  these  more  marked 
lines,  which  are  not  exactly  parallel  with  each  other,  though 
they  may  appear  so  for  short  distances^  showing  the  observer 
the  necessity  of  exact  measurements  in  researches  of  this 
kind. 

With  reference  to  the  erosion  of  rocks  in  connexion  with 
rased  beaches  in  an  oceanic  situation,  and  where  sea  levels 
are  not  Hkely  to  have  been  much  disturbed  by  changes, 
altering  tidal  action  during  the  amount  of  elevation  of  land 
inferred,  attention  may  be  called  to  one  of  the  earliest  observ- 
ations of  tins  kind  by  Captain  Vetch,  at  the  Island  of  Jura, 
Hebrides.  He  there  found  six  or  seven  lines  of  raised  beaches, 
the  hi^est  about  40  feet  above  the  present  high-water  mark. 

*  "  Comptes  Rendns,"  toLxv.,  p.  817  (1842).  Report  on  the  Memoir  of 
Bft.  Brayais^  Voyage  de  la  Commisftion  Scientifique  dn  Nord  en  Scandiaarie^  en 
JLapooie*  &C. 
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The  beaches  are  composed  of  shingles  of  quartz  rock  (that  of 
the  jjdand),  of  about  the  size  of  cocoa-nuts,  and  they  are  pre- 
cisely similar  to  those  which  constitute  the  present  beaches  on 
the  Loch  Tarbert  side  of  Jura,  where  these  raised  beaches  are 
well  seen.  Their  aggregate  lN*eadth  varies  '*  according  to  the 
disposition  of  the  ground ;  where  the  slope  is  precipitoos,  it 
may  be  a  hundred  yards  ;  where  gentle,  as  on  the  north  side  of 
the  loch,  three-quarters  of  a  mile  from  the  shore.''  *  Tlie 
beaches  repose  partly  on  bare  rock,  and  partly  on  a  compound 
of  clay,  sand,  and  angular  pieces  of  quartz  rock.  Captain 
Vetch  observed  that  caves  are  found  at  the  same  level  on  the 
north  side  of  Loch  Tarbert,  at  a  considerable  height  above  the 
sea,  and  as  he  had  never  seen  caverns  formed  in  the  quartz 
rock  of  Isla,  Jura,  or  Fair  Island  (Hebrides),  except  on  the 
shore,  he  considers  these  to  have  been  formed  at  the  time  when 
the  relative  levels  of  sea  and  land  were  such  as  to  cut  the  line 
of  these  caves. 

Temperature  of  the  Earth. — ^As  the  temperature  of  the 
earth  may  have  an  important  bearing  upon  condusions  whic^ 
an  observer  might  feel  disposed  to  form  respecting  the  causes 
of  certain  phenomena  which  he  may  be  investigating,  it  is  de- 
sirable that  he  should  carefully  direct  his  attention  to  it,  8o 
that  its  full  value,  as  a  geological  agent,  may  be  duly  appre- 
ciated. Mention  has  been  above  made  (p.  237),  of  the  kind  of 
spheroidal  shell  which  passes  through  the  colder  parts  of  the 
world,  cutting  off  the  poles,  and  leaving  a  height  of  from  16,000 
to  17,000  feet  between  the  surface  of  the  sea  level  and  it  in  the 
equatorial  regions,  above  which,  with  certain  modifications, 
water  remains  in  a  solid  state.  Lidependentiy  of  the  well- 
known  action  of  the  sun  on  the  surface  of  the  earth,  it  is  found 
that,  after  due  allowance  has  been  made  for  the  temperature 
thus  produced,  there  is  another  temperature,  commencing  at 
certain  distances  beneath  that  surface,  the  cause  of  which 
appears  to  require  another  explanation.  Diurnal  variations  of 
temperature  are  considered  not  to  extend,  viewing  the  subject 
generally,  to  a  greater  depth  than  about  three  feet,  and  annual 


*  Geological  Transactions,  2od  series,  toI.  i. 
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▼ariations  are  inferred  to  cease  at  from  65  to  70  or  80  feet 
Beneath  depths  not  much  differing  from  the  latter,  the  tempe- 
rature of  rocks  has  been  found  to  increase  in  mines,  as  also  in 
the  perforations  into  the  ground  commonly  termed  artesian 
wells.  The  rate  of  this  increase  of  temperatture  has  been 
found  to  vary,  as  might  be  expected,  from  certain  local  causes, 
such  as  the  relative  exposure  of  the  mass  of  ground  examined 
with  respect  to  the  form  in  which  it  may  project  into  the 
atmosphere,  should  it  be  a  mountain,  its  proximity  to  any  par- 
ticular source  of  heat,  such  as  a  volcanic  re^on  in  activity, 
and  the  di£ferent  circulation  of  water  amid  its  parts,  either 
among  fissures  or  through  beds  of  rocks  of  variable  porosity. 

We  have  seen  (p.  336)  that  in  the  colder  regions  of  the 
northern  hemisphere  frozen  ground  may  descend  to  very  dif- 
ferent depths.  While  in  Siberia  ice  is  still  found  at  a  depth  of 
from  300  to  400  feet,  in  the  same  latitude  (62^  N.)  in  America 
the  frozen  ground  does  not  extend  beneath  26  feet ;  so  that 
very  modified  conditions  must  exist  for  the  temperature  of  the 
two  regions.  While,  however,  this  may  be  the  case,  it  is  in- 
teresting to  find  (note,  p.  336)  that  the  mineral  accumulations 
passed  through  in  Siberia  show  an  increase  of  temperature 
downwards,  so  that,  while  at  75  feet  beneath  the  surface  it  was 
21^-2  (Fahrenheit),  at  378  feet  it  was  31^-1.  The  circula- 
tion of  water  in  mines  can  scarcely  otherwise  than  produce 
modifications  of  an  important  kind,  as  to  the  exact  rate  of  in- 
crease of  heat  downwards,  though  the  fact  itself,  in  its  gene- 
rality, may  be  evident,  since  the  excavation  of  the  mine,  and 
the  necessity  of  keeping  it  clear  of  water  while  its  works  are 
in  progress,  will  cause  water  to  descend  from  the  surfape  down- 
wards, more  or  less  bringing  its  first  temperature  with  it,  to  the 
depths  whence  it  is  again  raised  to  the  surface.*  In  districts, 
such  as  those  of  mines  often  are,  broken  by  numerous  fissures, 
this  introduction  of  surface  water,  continued  for  a  long  time, 

*  In  some  nuning  districts^  the  deeeent  of  water  fWnn  the  sarfkoe  downwards, 
and  the  stoppage  of  its  progress  upwards  from  depths  beneath  the  mining  ope- 
rations, haTe  been  foand  so  to  intercept  the  outflow  of  the  previous  natural 
springs,  as  to  be  productive  of  much  inconvenience  to  the  inhabitants,  with 
respect  to  their  supply  of  water  for  household  purposes. 
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may  produce  very  modifying  influences.  Still  much  may  be 
accomplished,  with  care,  in  mines,  by  selecting  portions  of 
rocks  of  the  more  solid  kinds,  and  in  situations  where  the 
temperature  produced  by  the  miners,  their  lights  and  their 
works,  especially  those  carried  on  by  blasting  with  gunpowder 
or  gun-cotton,  may  cause  the  least  amount  of  error  in  the 
needful  experiments.* 

Artesian  wells  have  been  found  very  valuable  in  afibrding 
information  as  to  the  temperature  of  the  earth  at  diflferent 
depths  in  certain  localities,  the  bore«-holes  and  the  waters  riang 
in  them  showing  an  increase  of  temperature  with  the  depth. 
Though  numerous  experiments  have  been  made  upon  the  heat 
foimd  at  different  depths  in  these  wells,  few  have  attracted 
more  attention,  from  the  care  taken  in  conducting  them,  the 
kind  of  ground  perforated,  and  the  depth  of  the  well  itself, 
than  those  at  Grenelle,  near  Paris.  The  rocks  traversed  con- 
sist of  successive  beds  of  various  kinds,  a  thick  one  of  chalk 
being  among  the  most  prominent,  and  are  situated  far  distant 
from  any  volcanic  vent  or  any  known  disturbing  cause  of  ihai 
kind.  After  exhibiting  an  increase  of  temperature  downwards, 
as  the  work  proceeded,  it  was  found  by  MM.  Arago  and  Wal- 
ferdin  that  when  the  well  had  reached  the  cretaceous  clay 
known  as  the  Gault,  at  the  depth  of  1657  feet,  the  tempera- 

*  M.  Cordier,  who  has  pidd  great  attention  to  this  subject,  adopted  the  fol- 
lowing method  of  obtaining  the  temperature  of  the  rock  itself^  in  certain  ooal 
mines  in  France.  The  thermometer  was  loosely  rolled  in  seven  turns  of  tifisoe- 
paper,  closed  at  bottom,  and  tied  by  a  string  a  little  beneath  the  other  extremity 
of  the  instrument,  so  that  so  much  of  the  tube  might  be  withdrawn  as  might 
be  necessary  for  an  obserration  of  the  scale,  without  fearing  the  contact  of  the 
air ;  the  whole  contained  in  a  tin  case.  This  was  introduced  into  a  hole  from 
24  to  26  inches  in  depth,  and  1^  inch  in  diameter,  inclined  at  an  angle  of  10^ 
or  15^,  so  that  the  air,  once  entered  into  the  hole,  could  not  be  renewed,  because 
cooler,  and  consequently  heavier,  than  that  of  the  levels  or  galleries.  The 
thermometer  was  kept  as  nearly  as  possible  at  the  temperature  of  the  rock,  by 
first  plunging  it  amid  pieces  of  rock  or  coal  freshly  broken  off,  and  by  holding 
it  a  few  seconds  at  the  mouth  of  the  hole,  into  which  it  was  afterwards  shut,  a 
strong  stopper  of  paper  closing  the  aperture.  The  thermometer  usnaUy  re- 
mained in  the  hole  about  an  hour.—*'  Essai  sor  la  Temperature  de  la  Terre ;" 
M^moires  de  I'Academie,  tom.  vi.  Other  observations  have  been  made  on 
the  temperature  of  the  rocks  in  mines  in  various  ways,  and  among  them,  holes, 
a  yard  or  more  in  depth,  have  been  drilled  in  convenient  situations^  and  tlie 
temperature  obserred  for  a  gi¥en  period,  such  as  a  year  or  more. 
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ture  was  79'  *  5  (Fahrenheit),  and  it  became  81^ '  7  lower  down, 
at  1798  feet.  * 

With  respect  to  the  temperature  obtained  in  artesian  wells, 
it  is  desirable  that  the  obsenrer  should  carefully  consider  the 
mode  of  occurrence  of  the  rocks  of  the  district  in  which  they 
may  be  situated,  so  that  the  rise  of  thermal  springs  beneath 
the  mineral  accumulations  traversed  may  not  complicate  the 
heat  found.  As,  for  example,  should  it  happen  that  in  a 
oountry  affording  a  section  »milar  to  that  beneath  (fig.  160), 

Fig.  160. 


a  series  of  nearly  horizontal  deposits,  i,  c,  rests  upon  a  preyiously 
disturbed  assemblage  of  beds,  J,  traversed  by  faults,  e  and/ 
formed  prior  to  the  accumulation  of  the  upper  beds,  i,  c,  and 
that  thermal  waters  rise  through  these  faults,  as  they  often  do, 
and  as  previously  noticed  (p.  22),  the  ordinary  supply  of  rain 
water  entering  at  y,  and  passing  to  a  lower  porous  bed  c,  the 
temperature  of  the  earth  at  any  artesian  boring,  situate  at  A, 
might,  to  a  certain  extent,  be  obtained,  while  another  well  sunk 
at  i,  being  immediately  near  a  supply  of  thermal  water  through 
the  {jEtult  £,  would  give  a  more  elevated  temperature,  the  higher 
in  proportion  to  the  volume  and  velocity  (p.  22)  with  which  the 
previously  suppressed  ready  outflow  can  now  more  freely  find 
vent.  This  is  by  no  means  an  unnecessary  circumstance  to  be 
regarded,  since  in  districts  such  as  that  of  the  neighbourhood 
of  Bath,  there  is  evidence  of  faults,  some  of  them  of  consider- 
able size,  having  been  formed  anterior  to  the  accumulation  of 
the  new  red  sandstone  and  oolitic  series  of  that  country,  the 
surface  of  the  fractured  and  contorted  rocks  being  covered  by 
the  nearly  horizontal  beds  of  these  deposits,  and  as  the  thermal 

*  It  18  calculated  that,  taking  the  constant  temperature  (63°)  of  the  caves  of 
the  Paris  Oheervatory,  91 1  feet  beneath  the  surface,  these  temperatures 
woold  give  an  increase  in  heat  at  the  rate  of  1°  centigrade  (1°*8  Fahrenheit), 
for  32-8  metres,  nearly  106  English  feet  (105  feet  11-659  inches). 
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waters  of  Bath  (IIG**  Fahrenheit)  appear  to  rise  through  one 
of  the  old  fissures,  a  ready  vent  for  them  occurring  through 
the  superincumbent  beds,  as  at  /  (fig.  160).  The  observer 
would  do  well  to  search  in  such  suspected  districts  for  the  tern* 
perature  of  waters  pouring  abundantly  through  any  fiults,  as  at 
k.  And  it  is  worthy  of  remark,  that  in  the  district  above 
noticed,  a  thermal  spring  (temp.  74°)  appears  among  the  older 
broken  and  disturbed  rocks  at  the  Hotwells,  Bristol. 

Regarding  the  temperatures  found  at  different  depths  in 
artesian  wells,  and  the  variations  sometimes  observed  therein, 
it  will  have  to  be  borne  in  mind  that  the  different  seams  of  rock 
whence  water  may  be  obtained,  though  not  in  sufficient  abund- 
ance for  the  supply  sought,  will,  from  any  difierent  porosity  in 
them,  only  permit  waters  to  permeate  or  flow  through  them  in 
such  a  manner  that  a  given  quantity  can  pass  through  each  in 
a  given  time,  thus  infiuendng  the  circulation  of  any  heat  which 
they  may  carry  with  them  from  one  part  of  a  series  of  beds  to 
another.  If  tiie  following  section  (fig.  161),  represent  that  of 
certain  beds  of  rock  traversed  in  inking  an  artesian  well,  a,  a 
being  a  clay,  such  as  the  London  clay ;  b  a  porous  bed  of  sand 
and  gravel,  gathering  surface  waters  atc;d  chalk ;  e  sand, 
receiving  sur&ce  waters  from/;  ff  clay  or  marl,  and  t  other 
sands  or  gravels  gathering  surface  waters  at  A,  we  have  very 

Fig.  161. 


difierent  porosities  of  the  beds  which  can  permit  water  to  pass 
somewhat  freely  tiirough  them.  Upon  perforating  through 
these  beds,  as  at  m,  their  relative  permeability  to  water  would 
influence  the  temperature  in  such  an  artesian  well,  a  highly 
porous  bed,  i,  carrying  its  surface  waters  more  readily  to  the 
well,  to  rise  through  it,  than  the  chalk,  <f,  beneath,  as  would 
probably  also  happen  with  the  sands  lower  down  at  6.  In  all 
cases  of  this  kind,  an  observer  has  to  allow  for  the  friction  of  the 
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water  through,  and  capillary  actioii  in  the  rock,  which  can  only 
permit  the  circulation  of  this  water  according  to  needful  con- 
ditions, BO  that  it  can  only  be  delivered  into  the  artesian  well  at 
a  certain  rate  in  each  case.*  In  the  aecticm  (fig.  161),  a  smaller 
well  is  represented  as  sunk  at  n,  to  the  sands,  6,  /,  and  on  the 
bend  of  the  beds,  where,  in  consequence,  the  heated  waters 
are  more  able  fireely  to  ascend,  and  be  replaced  by  heavier  and 
colder  water,  always  supposing  the  whole  to  have  a  tempera- 
ture above  40^  Fahrenheit.  In  this  case  it  might  be  inferred 
that  from  the  greater  facility  of  percolation  from  the  surface,  f^ 
to  the  bottom  of  the  well,  n,  on  the  one  side,  the  water  would 
produce  a  bwer  temperature  in  the  rock  through  which  it 
passed,  than  in  the  same  bed  of  rock  at  m.  At  o,  and  j9,  part 
of  the  curves  of  two  parous,  interstratified  with  less  permeable 
beds,  k,  /,  are  represented,  (forming  thus,  as  it  were,  flat  pipes,) 
for  the  purpose  of  showing  that,  if  the  curve  were  continued 
downwards  on  the  left,  water  percolating  in  them,  heated 
beneath,  and  not  easily  escaping  upwards,  might  possess  a 
somewhat  higher  temperature  than  at  the  same  depths  from 
the  surface  in  the  adjoining  beds,  (supposed,  for  illustration,  to 
be  equally  porous,)  not  having  the  same  facilities  offered  for 
obtaining,  by  circulation  according  to  temperature  and  den- 
sities, colder  waters  from  above. 

To  whatever  extent  water,  permeating  amid  rocks,  may 
modify  their  temperature,  the  greatest  density  of  water  will 
have  its  influence.  In  all  regions  where  the  annual  tempera- 
ture is  such  as  to  exceed  that  of  the  greatest  density,  however 
the  surface,  and  corresponding  depths  beneath,  may  be  acted 
upon,  after  60  or  80  feet,  the  hotter  waters  would  tend  to  rise 
and  the  colder  to  descend.  In  those,  however,  where  the  tem- 
perature is  such  that  the  water  takes  a  contrary  course,  instead 
of  cool  waters  de;scending  to  modify  any  heat  which  the  con- 

*  It  18  often  practically  founds  in  borings  for  common  wells,  that  the  relative 
porosity  of  the  rock  or  rocks  trayersed,  and  the  consequent  possible  delivery  of 
water  into  them,  have  not  been  sufficiently  regarded.  Thongh  certain  loose 
sands  and  gravels  may  afford  a  Tolume  of  water  considered  most  abundant,  so 
fSur  as  the  supply  sought  is  regarded,  rocks  generally  are  but  filters  of  various 
degrees  of  porosity,  and  only  capable  of  permitting  water  to  pass  through 
them  in  a  given  quantity  and  time. 
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taining  rock  might  otherwise  possess,  they  would  ascend.  For 
example,  in  the  Siberian  shaft  (p.  336)  descending  beneath  the 
378  feet  at  which  a  temperature  of  31^*1  was  obtained,  and 
allowing  the  same  rate  of  increase  as  was  found  from  the  depth 
of  75  feet,  namely,  about  1^  (Fahrenheit)  for  each  30  feet,*  it 
would  only  be  at  a  depth  of  about  630  feet  that  water  at  39^-5 
(Fahrenheit)  would  be  found.  ^ 

It  has  been  inferred  that  ordinary  springs,  in  the  wanner 
regions  of  the  earth,  have  a  higher  temperature  than  the  mean 
of  the  climates  in  the  same  localities,  while  those  in  the  colder 
parts  of  the  world  possess  a  less  heat  As  this  would  imply 
some  modifying  influence  connected  with  the  general  distribu- 
tion of  the  temperature  amid  the  rocks  whence  these  springs 
flow,  very  careful  examination  of  the  real  heat  of  such  springs 
becomes  valuable.  As  to  the  springs  which  rise  from  fissures, 
such  as  those  above  mentioned  (p.  537),  a  lower  temperature, 
without  due  precaution,  will  often  be  obtained  than  should  be 
assigned  them,  even  supposing  that  the  waters,  as  they  flow 
upwards  from  various  depths,  lose  much  of  their  original  tem- 
perature, and  acquire  that  of  the  rocks  amid  which  they  rise.f 
The  heat  of  ordinary  springs  has  also  to  be  carefully  con- 
sidered with  reference  to  the  kind  and  mode  of  occurrence  of 
the  hard  rocks  or  less  coherent  accumulations  of  matter  whence 
they  issue.     If  we  suppose  a,  in  the  following  section  (fig.  162), 

Fig.  162. 
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to  be  a  porous  sandstone,  resting  upon  a  bed  of  clay,  ft,  V^ 
the  rain-waters,  absorbed  by  the  former,  are  prevented  from 

*  Thifi  rate  of  increase  of  temperature  very  nearly  coincides  with  that 
obtained  at  Grenelle,  namely,  1°*S  (Fahrenheit)  for  5S  feet 

f  It  is  commonly  needful  to  clear  away  the  ground,  so  that  a  thermometer 
may  be  plunged  in  the  water  where  it  rises  amid  the  rocks  themseWes.  And 
this  is  especially  necessary  when  the  volume  of  water  is  fax  firom  oonsiderahley 
and  flows  away  slowly.  Those  thermometers  in  which  the  bulb  and  a  portioo 
>f  the  glass  project  beyond  the  graduated  scales,  when  handled  careftdly,  wiU  be 
found  the  most  useful  instruments. 
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permeating  downwards  by  the  latter,  so  that  the  water  not 
retained  amid  the  sandstone,  issues,  as  springs,  on  the  side  of 
the  hill,  at  the  top  of  the  subjacent  clay.    Should  another 
sandstone,  or  any  other  rock,  through  which  water  may  readily 
percolate,  c,  c\  occur  beneath  the  clay,  this  porous  stratum 
also  based  upon  an  impervious  bed,  J,  d\  the  atmospheric 
waters,  with  any  water  derived  from  the  springs  above  and 
absorbed  by  the  lower  porous  rock,  could  alone  find  a  natural 
outflow,  as  springs,  on  the  side  of  the  hill  J,  t ;  while  in  the 
opposite  direction,  d\  ty  they  would  saturate  that  portion  of 
the  bed,  laterally  aiding,  by  their  superabundance,  if  we  infer 
the  neediul  facility  of  passage,   the  springs   between  c  d. 
The  dotted  line,  ^,  t\  representing  any  depth  beneath  which 
a  uniform  temperature  is  preserved  throughout    the   year, 
should  water  percolate  slowly  to  the  surface,  there  would  be 
— all  other  things  being  equal — a  tendency  between  a  and  ft, 
and  c  and  ^,  on  the  one  side,  and  a  and  V  on  the  other,  to 
have  springs  issue  with  nearly  equal  temperatures.  At  ti?,  also, 
if  a  well  be  sunk,  the  temperature  of  the  water  being  within 
the  depth  of  variable  temperature,  we  should  expect  it  to  be 
much  of  the  same  kind,  the  supply  being  derived  laterally  from 
the  same  reservoir  which  supplied  the  springs  between  c  and  dj 
and  the  impervious  bed  d  (impervious  so  far  as  regards  the  ready 
passage  of  water  through  it)  preventing  appreciable  communi- 
cation with,  and  circulation  of,  waters  of  a  higher  temperature 
beneath.     Should  waters  find  their  way,  as  springs,  by  means 
of  joints  or  fissures,  from  the  reservoirs  in  both  porous  beds,  a, 
and  c,  c\  beneath  the  line  of  variable  temperature,  more  rapidly 
in  some  places  than  in  others— or  the  beds  themselves  difier 
materially  in  the  facility  with  which  water  can  pass  through — 
variations  may  be  expected,  important  or  not,  according  to  cir- 
cumstances, in  the  temperature  of  springs  issuing  from  them. 
All  other  things  being  equal,  the  lower  reservoir — assuming 
that  the  temperature  increases  from  the  surface  downwards — 
would  be  expected  to  supply  the  water  with  the  more  elevated 
temperature.    It  becomes  needful,  therefore,  that  after  other 
conditions  have  been  ascertained,  the  quantity  of  water  deli- 
vered by  a  spring  in  a  given  time,  and  the  rapidity  with  which 
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With  respect  to  the  temperatures  of  those  waters  which,  in 
fimestone  districts  especially,  msh  out,  often  in  considerable 
yolume  and  with  much  force,  firom  subterranean  channels,  and 
which  result  from  the  loss  of  many  minor  streams  and  of  rain- 
water amid  fissures  and  cayemous  rocks,  they  may  be  often 
very  deceptive.  Should  the  waters  have  been  absorbed  partly 
as  streams,  previously  exposed  to  the  temperature  of  the 
climate  of  the  region,  and  partly  derived  from  slow  per- 
colation through  chinks,  joints,  and  the  minor  cavernous 
structure  of  the  rock,  a  mixed  heat  would  follow,  afibrding  no 
correct  data  as  to  the  temperature  of  the  subterranean  chan- 
nels through  which  the  waters  have  passed.  When,  also,  the 
whole  is  derived  from  the  absorption  of  atmospheric  waters  by 
channels  of  various  kinds,  the  rapidity  of  passage  of  the  waten 
downwards  to  the  great  drainage  stream,  and  the  differences  in 
this  respect  have  to  be  considered,  as  also  the  chances,  not  un- 
common in  some  districts,  that  great  fissure  waters,  derived 
from  considerable  depths,  may  not  be  mingled  with  the  general 
volume  of  those  discharged.  Hence  much  care  is  required 
when  an  observer  may  be  engaged  in  investigating  the  tempe- 
ratures of  waters  thus  discharged,  however  desirable  it  may  be 
that  they  should  be  properly  ascertained. 

While  on  the  one  hand  the  observer  has  to  regard  the 
adjustment  of  water,  permeating  amid  the  fissures  and  joints, 
or  the  mass  of  rocks,  to  its  greatest  density,  and  the  variable 
mechanical  manner  in  which  this  may  be  effected,  he  has  also 
to  consider  the  depths  at  which  water  itself  may  cease  to 
exist;  assuming  the  increase  of  temperature  fix)m  the  sur- 
face downwards,  whatever  its  rate,  locally  or  generally,  to  be 
certain,  as  the  general  evidence  would  lead  us  to  believe. 
Should  it  be  inferred  that  the  rate  of  increase  of  heat  usually 
supposed  probable,  namely  V  Fahrenheit,  for  each  50  to  60 
feet,  is  too  great,  and  that  sufficient  information  as  to  this 
rate  has  not  yet  been  obtained,  if  we  take  only  P  for  every 
100  feet,  we  still  seem  to  obtain  a  comparatively  minor  depth, 
allowing  for  increase  of  pressure  fit)m  the  superincumbent 
water,  with  the  friction  on  the  sides  of  any  fissures,  for  that 
portion  of  the  earth's  crust  in  which  water  may  be  considered 
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ordinary  mode  of  calculation,  allowing  for  pressure  at  increased 
depths,  and  assummg  every  facility  of  movement  of  the  waters 
in  a  fissure,  it  may  be  estimated  that  at  a  comparatively 
moderate  depth  steam  would  be  found  instead  of  water. 

Waters  in  fissures,  rushing  upwards  with  a  rapid  rate  of  out* 
flow  and  in  considerable  volume,  may  (as  noticed  p.  23)  bring 
witii  them  a  greater  temperature  than  those  finding  their  way 
upwards  with  less  velocity  and  in  smaller  quantity,  the  one 
heating  the  waters  communicating  with  them  laterally,  in  their 
course  upwards,  beyond  the  temperature  due  to  the  containing 
rocks  themselves,  and  the  ordinary  percolation  of  water  through 
them ;  the  others  being  cooled  by  these  lateral  waters.  In 
certain  districts,  such  as  those  where  volcanic  fires  have  once 
found  vent,  and  which  may  be  now  concealed  in  a  dormant 
state,  by  various  overspreading  aqueous  accumulations^  there 
may  be  influences  of  this  kind  much  modifying  the  exact 
depths  at  which  certain  temperatures  would  otherwise  be 
found.  No  doubt,  supposing  a  general  source  of  heat  to  exist 
in  the  earth,  governing  the  outer  temperature  of  its  crust  on 
the  great  scale,  these  would  be  merely  local  variations  in  some 
given  temperature  due  to  the  larger  action  of  the  causes  pro- 
ducing it,  yet,  when  endeavouring  to  ascertain  the  distribution 
of  the  heat  in  the  whole  portion  of  the  globe  to  which  an  ob- 
server can  artificially  obtain  access,  or  calculate  from  good 
data,  all  suchv variations  require  attention,  so  that  the  disturb- 
ing circumstances  may  be  duly  separated  from  the  essential 
causes  of  the  increase  of  heat  downwards  fi:om  the  surface  of 
the  earth. 

Mode  of  accumulation  of  the  Detrital  and  Fossiliferous 
Hocke. — The  observer,  having  well  considered  the  manner  in 
which  the  accumulations  of  mineral  matter  are  at  present 
effected,  chemically  and  mechanically,  through  the  agency 
of  water,  as  also  the  mode  in  which  the  remains  of  animal 
and  vegetable  life  may  be  entombed  amid  such  acciunulations, 
has  to  study  the  various  layers,  beds,  or  other  forms  of  mineral 
matter  formed  by  aqueous  means,  and  in  which  organic  remains 
are  more  or  less  distributed  in  various  parts  of  the  world.  In 
one  respect  he  has  an  advantage  over  his  previous  investigations, 
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inasmuch  as  while  he  could  then  often  only  infer  that  which 
takes  place  beneath  seas  and  lakes,  he  has  in  these  rocks  fre- 
quent opportunities  of  obtaining  direct  evidence  of  that  which 
actually  occurred  beneath  them,  the  large  proportion  of  these 
beds  being  the  bottoms  of  various  seas  or  bodies  of  fresh 
water,  deposited  over  each  other,  and  subjected  to  variation 
from  local  causes. 

Inasmuch  as  the  dry  land  of  the  world  is  thus  little  else  than 
the  bottoms  of  seas  and  lakes,  intermixed  with  igneous  matter 
vomited  upwards  at  different  times  from  beneath  the  surface  of 
the  earth,  some  of  the  latter  spread  at  once  on  this  surface, 
at  other  times  only  laid  bare  by  the  removal  of  superin- 
cumbent deposits,  the  observer  will  have  to  dismiss  from  his 
mind  the  existing  dry  lands  and  waters  of  the  world,  and  sub- 
stitute such  other  distributions  of  them  as  may  best  accord 
with  the  evidence  which,  from  time  to  time,  he  will  obtain. 
No  matter  how  highly  raised  into  mountains,  or  slightly 
elevated  in  plains,  these  ancient  bottoms  of  oceans,  seas,  and 
bodies  of  fresh  water  may  now  be,  they  did  not  constitute  dry 
land  when  formed,  and  consequently  waters  once  occupied  the 
areas  where  they  now  occur.  We  have  seen  that,  to  produce 
detrital  accumulations,  certain  conditions  of  dry  land  are 
needed,  whence  their  component  parts  have  to  be  derived ; 
and,  therefore,  to  form  the  ancient  sea  bottoms  of  any  given 
time,  dry  land  appears  required  out  of  an  area  so  circum- 
stanced, and  yet  so  near  to  it  as  to  afford  the  materials 
found.  Considerations  of  this  kind  demand  an  enlarged 
view  of  the  physical  geography  of  difierent  geological  times, 
and  such  a  disregard  of  the  existing  distribution  of  land  and 
water  that  while  all  due  weight  is  allowed  for  the  employment 
of  a  given  amount  of  mineral  matter,  oyer  certain  large  areas, 
in  the  production  of  detrital  accumulations  of  different  dates — 
the  wearing  away  of  one  portion  raised  above  the  ocean  pre- 
senting materials  for  an  equal  and  subsequent  deposit  beneath 
it  in  an  adjacent  situation  ;  and  consequently,  that  oscillations 
in  the  relative  levels  of  the  existing  areas  of  our  present  conti- 
nents may  keep  such  matter  much  in  one  large  area,  the  mind 
of  the  observer  must  not  be  too  much  occupied  by  the  pre- 
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sent  arrangements  of  land  and  water  on  the  surface  of  the 
eartfa. 

While  evidence  is  sought  amid  detrital  or  foemliierous 
accnmnlatioDB,  of  the  mode  in  which  the  mineral  matter  of 
rocks  has  been  chemically  or  mechanically  gathered  tt^ether, 
and  the  observer  endeavoura  to  trace  among  them  former 
beaches,  eatuaiies,  bays,  promontonee,  shallow  and  deep  seas, 
fredi-water  lakes,  and  the  other  modifications  of  water  around 
and  amid  dry  land,  he  has  at  the  same  time  most  carefiilly  to 
study  the  mode  of  occurrence  of  any  oi^anic  remains  found  in 
these  accumulations.  He  will  have  to  see  if  there  be  evidence 
that  the  animals  or  plants  lived  and  died  in  or  upon  the  beds 
irtiere  their  remains  are  now  found ;  or  whether,  after  death, 
such  remains  were  drifted  into  these  atoatious.  He  will  also 
have  most  carefally  to  refer  to  the  distribation  of  the  animals 
and  plants,  existing  at  any  given  geolt^cal  Ume,  acctH^ing 
to  conditions,  regarding  that  diatributdon  as  well  aa  the  large 
scale  as  with  respect  to  any  minor  area. 

With  relict  to  the  class  of  rocks  usually  named  fouili- 
Jeroaa,  this  term  has  to  be  regarded  in  an  extended  sense.  It  is 
by  no  means  required  that  the  various  beds  compoong  any  given 
series  of  sea  bottoms,  should  all  contain  organic  remains  in  certain 
localities.  Frequently,  as  in  the  subjmned  sketch  (fig.  163), 
representing  a  series  of  beds  of  rock,  a,  b,  e,  d,  and  «,  exposed 
oa  a  cUff,  one  of  them  tmly,  sudi  as  d,  may  contain  them,  the 
Pig.  163. 


others  not  affording  any  animal  or  vegetable  exuvie.     Thees 
beds  are  not,  however,  the  less  interesting  on  that  account,  inas- 
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much  as  some  cause  for  this  difference  may  present  itself  by 
diligent  investigation,  of  importance  as  bearing  upon  the  e6n- 
ditions,  or  their  modifications,  under  which  the  whole  series 
may  have  been  formed.  Should  the  beds  be  of  different  sub- 
stances— as,  for  example,  should  a,  ft,  and  0,  be  formed  of 
sands  of  different  kinds  consolidated,  as  hereafter  to  be  noticed, 
into  sandstones ;  e,  of  gravels  now  hardened  into  a  conglo- 
merate ;  and  d  be  composed  of  mud,  now  constituting  a  shale ; 
the  mode  of  accumulation  of  the  non-fosaliferous  beds  have  to 
be  studied,  as  well  on  the  small  as  large  scale ;  and  this  study 
may  tend  to  show  how  it  probably  occurred  that  the  mud  con- 
tained the  remains  of  life,  which  has  existed  on  or  in  this  sea 
bottom  of  the  time,  while  no  such  remains  are  found  in  the 
sands  and  gravel. 

Some  rocks  are  only  seen  to  be  fossiliferous  at  rare  intervals, 
a  depth  of  perhaps  only  two  or  three  inches  affording  organic 
remains,  these  occurring  amid  a  great  mass  of  mud,  alt,  and 
sand,  as,  for  example,  among  the  lower  of  the  oldest  fossilifiotNis 
deposits — the  Silurian, — a  class  of  rocks  for  the  due  apprecia- 
tion and  knowledge  of  which  geologists  stand  so  much  indebted 
to  Sir  Roderick  Murchison.  In  certain  parts  of  this  series,  as 
developed  in  the  British  Islands,  there  are  hundreds  of  feet  in 
depth,  in  certain  localities,  where  no  trace  of  an  organic  remain  is 
found,  and  then  a  thin  seam,  replete  with  the  remidns  of  animal 
life,  may  be  seen,  showing  that  the  portion  of  the  sea  bottom 
which  it  represents  was  a  mere  thin  sheet  of  little  else  than  the 
crustaceans,  molluscs,  and  corals  of  the  time — partly,  perhaps, 
living,  partly  dead,  or  all  in  one  state  or  the  other.  Neverthe- 
less, the  whole  series  of  deposits  of  which  such  seams  consti- 
tute a  portion,  (forming,  as  it  were,  rare  streaks  in  the  general 
mass,)  is  the  section  of  a  certain  minor  area  in  the  sea  bottoms 
of  the  time  and  locality,  wherein  the  fitting  conditions  fiir  the 
development  of  the  germs  and  subsequent  existence  of  the  per- 
fect animals  occasionally  presented  themselves.  The  probable 
cause  for  this  distribution  and  mode  of  occurrence  has  to  be 
sou^t  and  well  considered,  and  herein  the  non-ibssiliferous 
portion  of  the  general  mass  becomes  important  for  the  solution 
of  the  problem. 
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At  other  times  very  variable  kinds  of  beds  are  all  full  of 
organic  renains,  as,  for  example,  in  Buch  a  section  as  that  be- 
neath (fig.  164),  where  a  cliff  maj  afford  a  view  of  the  various 
Fig.  Ifii. 


sea  bottoms  which  have  succeeded  each  other  in  that  locality, 
when  the  whole  was  beneath  water.  If,  for  illustration,  a  be 
a  calcareo-siliceoos  sandstone ;  b,  a  coaiwr-gnuned  aliceous 
sandstone  ;  c,  a  marl  or  clay ;  and  d,  a  fine  ai^llo-siliceous  sand- 
atone  ;  then,  so  far  as  the  section  extends,  there  was  found  a  nlty 
bottom,  to  which  succeeded  mud,  which  in  its  turn  was  covered 
by  siliceous  sand ;  over  which,  as  the  general  accumulation 
proceeded,  a  finer  sand,  with  the  addition  of  calcareous  matter, 
was  deposited.  Hiere  is  here  evidence  that  the  phydcal  condi- 
tions affecting  the  area  wherein  these  deposit*  were  effected  must 
have  been  modified  or  changed,  and  an  observer  would  in 
consequence  search  for  tiiat  showing  how  &r  any  modification 
or  change  in  the  animal  life,  the  temains  of  which  are  de- 
tected in  the  various  beds,  may  have  been  contemporaneously 
produced. 

Iq  seeking  the  boundaries  of  any  ancient  land  wbicfa  may 
have  fnnushed  the  mud,  silt,  sand,  and  gravels  of  accumula- 
tions around  it,  of  whatever  geolo^cal  date  the  one  or  the 
other  may  be,  it  becomes  evidently  important  to  look  for  traces 
of  ancient  beaches,  inasmuch  as  these  show  the  actual  margins 
of  the  seas  of  the  tune.  From  the  desire  at  present  manifested 
of  following  out  investigations  of  this  order,  such  beaches  have 
been  more  freqnendy  detected  than  might  at  one  time  have 
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been  expected.  From  the  researches  of  Professor  Ramsay  it 
has  been  ascertained  that  during  the  deposit  of  the  Slurian  rocks 
of  Wdes  and  Shropshire,  there  was  a  time  when  the  older  ac- 
cumulations now  forming  the  district  of  the  Longmynds,  rose 
above  the  sea,  and  were  bounded  by  beaches ;  while  a  part  of 
the  Silurian  series,  named  the  Caradoc  sandstones,  was  being 
deposited  adjacent  to  them.*  Again,  in  the  Malvern  district, 
the  labours  of  Professor  John  Phillips  have  shown  that  at 
about  the  same  geological  date  a  portion  of  the  syenites  of  the 
Malvern  hills  must  have  been  above  the  sea ;  a  beach  deposit,  in 
which  there  are  angular  fragments  of  the  pre-existing  rbcks, 
occiu*ring  at  the  Sugar-loaf  Hill,  on  their  western  flank,  f  In 
both  cases  organic  remains  are  detected  mingled  with  the  shore 
accumulations,  and  Professor  Edward  Forbes  considers  that 
those  which  he  has  examined  in  the  Longmynd  district  are  of  a 
coast  character4  These  may  not  be  among  the  oldest  beach 
and  littoral  deposits  in  the  British  Islands,  inasmuch  as  where 
conglomerates  are  found  among  the  beds  of  the  Cambrian  rocks 
near  Bangor,  North  Wales,  such  may  also  have  constituted 
the  shores  of  still  more  andent  lands,  furnishing  the  materiab 
for  these  conglomerates. 

In  the  ascending  series  of  fosdliferous  rocks,  the  materials  of 
which  were  furnished  at  succeeding  geological  times,  the  like 
kind  of  evidence,  if  carefully  sought  for,  is  to  be  obtained  in 
many  localities.  To  take  the  old  red  sandstone  series,  as 
shown  in  the  British  Islands,  while  part  of  it  may  merely  con- 
stitute a  portion  of  deposits  formed  one  after  the  other  beneath 
the  waters  of  a  sea,  as  in  Devonshire,  otiier  parts  point  to  a 
littoral  origin.  This  may  be  well  inferred  from  the  mode  of 
occurrence  of  the  old  red  sandstone  series  in  parts  of  Ireland, 
North  Wales,  and  Scotland,  where  shingles  of  various  suoes, 
sometimes  large,  are  arranged  around  masses  of  older  rocks,  and 
follow  many  sinuosities  of  the  more  ancient  land  against  iriiicli 
they  were  piled.  Portions  of  the  older  land  of  the  time  have 
sometimes  an  insular  character,  as,  for  example,  in  the  county 


0     i< 


Joarnal  of  the  Geological  Soc^ty  of  London/'  toI.  !▼.,  p.  294, 
t  "  Memoirs  of  the  Geological  Survey  of  Great  Britain,"  vol.  ii.,  p.  67. 
I  •*  Jonrnal  of  the  Geological  Society  of  London,"  vol.  iv.,  p.  297. 


SILURIAN,  OLD  AND  NEW  KED  SANDSTONE  ROCKS.     549 

Kildare,  in  Ireland,  where  the  range  of  heights,  chiefly  known, 
from  one  of  them,  as  that  of  the  Chair  of  Kildare,  seems  to 
have  risen  above  the  sea  of  the  time,  its  rocks  famishing  ma- 
terials for  the  shingle  on  its  shores,  the  whole  having  been 
Bubsequently  covered,  or  nearly  so,  by  the  calcareoos  deposit 
known  as  the  carboniferous  limestone,  the  removal  or  denuda- 
tion of  which  (in  its  turn  furnishing  an  abundance  of  the 
shingles  or  gravel  at  other  and  later  geolo^cal  times)  has  in  a 
great  measure  disclosed  this  arrangement  of  parts,  and  left  the 
range  of  the  Chair  of  Kildare,  even  now  rising  like  an  island 
above  a  level  district 

Quitting  these  more  ancient  accumulations,  and  still  not 
passing  beyond  the  area  of  the  British  Islands,  in  order  to 
show  how  much  of  this  kmd  of  observation  may  be  carried  out 
in  such  a  minor  portion  of  the  earth's  8ur£Bu»,  we  again  find 
marked  evidences  of  beaches,  at  the  time  commonly  known 
as  that  of  the  new  red  sandstone  series^  one  in  these  islands 
following  much  new  adjustment  in  the  relative  distribution  of 
land  and  water,  and  by  which  the  former  bottoms  of  seas  and  of 
fresh-water  deposits  were  irregularly  upraised  (the  coal  measures 
probably  just  above  the  waters,  and  formed  by  continued  de- 
pressions beneath  their  level).  In  the  south-western  portion  of 
England  and  in  South  Wales,  the  beaches  of  the  time,  though 
they  are  by  no  means  absent  or  indistinct  in  many  other  dis- 
tricts, are  particularly  well  exhibited. 

Among  the  Mendip  Hills  (Somerset),  in  various  parts  of 
Gloucestershire,  Monmouthshire,  and  in  Glamorganshire,  we 
have,  from  the  removal  of  subsequent  accumulations  by  denud- 
ing causes,  evidence  of  ancient  shores,  as  is  the  case  near  the 
Chair  of  Kildare,  though  the  latter  are  of  earlier  geological 
date.  As  at  the  latter  also,  from  a  repetition  of  similar  causes, 
we  seem  to  have  islands  with  their  beaches  before  us,  much  as 
they  existed  at  this  subsequent  time.  In  investigations  of  this 
kind  it  sometimes  happens  that  sections  are  presented,  or 
information  obtained,  justifying  the  construction  of  sections,  by 
which  it  is  shown  that,  during  the  submergence  of  the  dry 
land^  while  the  mud,  silt^  sand,'  and  shingles  were  accumu- 
lating along  the  shores  and  the  islands  of  the  time,  beach 
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after  beach  became  buried  up,  a  long  wide-spread  patch  of 
shingles  coreriDg  some  subjacent  ground,  as  it  gradually  sank 
beneath  the  sea  level  of  the  period.  The  subjoined  sections 
(figs.  165,  166)  of  the  ancient  island  of  old  red  sandstone  and 
carboniferous  limestone  of  the  Mendip  Hills,  and  also  of  another 
island  of  a  somewhat  similar  character,  one  of  several  in  the 
yicinity  of  Bristol,  may  serve  to  show  this  cnrcnmstanoe ;  as 

« 

also  how  shingles  of  the  same  general  character,  and  derived 
from  subjacent  or  adjoining  rocks,  under  similar  general  dr- 
cumstances,  may  be  accumulated  as  a  beach,  on  sloping 
ground,  during  the  lapse  of  much  geological  time,  while  the 
dry  land  of  a  particular  locality  became  gradually  submerged 
beneath  the  sea.    Both  sections  exhibit  the  beaches,  usually 


a,  a^  Of  disturbed  beds  of  carboniferoiis  limestone;  &,  Js  cooglomenle  of 
pebbles  derived  from  the  sabjsoent  or  adjoining  rocks,  cemented  by  magnesio- 
caleareons  matter;  c,  red  marls ;  dy  dp  line  showing  how  denndatloa  might 
canse  sacoessive  accnmnlations  to  appear  as  of  one  time. 

composed  of  shingles  of  carboniferous  limestone,  now  cemented 
by  magneao-calcareous  matter,  jutting,  as  it  were,  into  the  red 
mud  of  the  time,  (now  red  marls,)  having  extended  over  one 
portion  of  it  during  the  submergence,  and  having  been  covered 
by  another  as  this  proceeded.  One  section  (fig.  165)  shows 
only  the  accumulation  of  the  red  mud  (marl),  while  the  other 
(fig.  166)  exhibits  a  subsequentiy-formed  deposit  of  dark  mud, 
sometimes  calcareous,  alternating  with  an  arj^Iaceous  lime- 
stone, together  known  as  the  lias.    In  the  red  mud  no  traces 

Fig.  166. 


Of  a,  beds  of  disturbed  oarboniferoos  limestone;  6, 6,  oonglonerate  of  pebbkt 
derived  from  the  sabjaoent  or  adjoining  rocks,  cemented  by  magnesio-calea* 
reons  matter;  c,  red  marl;  d,  lias;  B,  Blaise  Castle  Hill,  near  firistol; 
f,  Mount  Skitham. 

of  a  marine  organic  remain  have  been  detected  in  that  district. 
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though  more  northerly  streaks  of  them  are  found ;  but  even 
supposing  some  rare  organic  remains  may  hereafter  be  disco- 
vered, there  is  still  evidence  of  a  beach  resting  on  a  coast,  this 
beach  thrown  up  by  seas  during  a  period  when  the  dry  land 
was  becoming  gradually  submerged,  and  a  change  was  effecting 
in  the  existing  conditions,  so  that  the  adjacent  sea  was  no  longer 
without  animal  life,  or  at  least  only  contained  a  small  portion 
of  that  affording  harder  parts  for  preservation  amid  the  de- 
podts  of  the  time,  but  swarmed  with  molluscs,  fish,  and  rep- 
tiles.   The  manner  in  which  the  filling  up  was  effected  b  well 
shown  in  the  section  near  Blaize  Castle  (fig.  166)>  though 
evidence  of  this  kind  is  to  be  found  as  well  elsewhere ;  one 
patch  of  lias  (J,  on  the  right  of  the  figure)  nearly  reaching  over 
the  old  beach,  as  it  actually  does  at  no  great  distance  on  the 
westward,  where  it  covers  up  the  carboniferous  limestone  on 
the  margin  of  the  coal-field    from   Redland,  near  Bristol, 
to  Alverston,  on  the  north.    The  observer  will  perceive  that  if 
the   denuding  causes  which  have  removed  so  much  of  the 
deposits  of  a  later  geological  date  than  these  old  shingle 
beaches,  had  carried  off  all  traces  of  them  in  the  section  near 
Compton  Martin,  Mendip  Hills  (fig.  165),  so  that  a  surface 
corresponding  with  the  line  d,  dy  had  only  been  exposed,  there 
would  have  been  great  difficulty  in  assigning  the  different  parts 
of  this  shingle  (now  conglomerate)  covering  to  their  relative 
geological  dates ;  though,  with  the  old  mud  and  sands  outside 
of  them,  deposited  at  successive  times,  the  relative  date  of  the 
parts  is  sufficiently  obvious. 

While  on  the  subject  of  this  district,  it  may  not  be  unin- 
structive,  as  it  is  one  fertile  in  information,  within  so  very  small 
an  area,  to  call  the  attention  of  the  observer  to  the  successive 
coatings  of  fossiliferous  accumulations  as  they  followed  one 
another,  each  spreading  over  a  part  of  a  preceding  deposit,  as 
the  dry  land  of  the  Mendip  Hills  and  adjacent  country  sank, 
and  as  it  would  appear,  gradually,  beneath  the  sea.  For  this 
purpose  the  accompanying  map  (fig.  167)  may  be  useful.  In 
it  the  different  deposits  represented  consist,  in  the  ascending 
series,  of  (1)  old  red  sandstone ;  (2)  carboniferous  or  mountain 
limestone;  (3)  coal  measures;  (4)  dolomitic  or  calcareo-mag^ 
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nesian  Gonglomerate  and  limestone ;  (5)  the  new  red  sandstone 
and  marl ;  (6)  lias ;  (7)  inferior  oolite,  and  others  of  the  lower 
part  of  the  series,  known  as  the  oolitic  or  Jurassic ;  and 
(8)  alluyial  accumulations,  deposits  from  branches  of  the 
adjacent  Bristol  Channel,  where  these  found  their  way  amid 
the  anuoaties  of  the  land,  often  covering  a  plane  whereon 
forests  once  grew,  at  a  higher  relative  level  of  sea  and  land 
than  now  exists,  the  outcrops  of  these  sheets  of  concealed  vege- 
table matter  and  trees  forming  the  '^submarine  forests"  of 
Stolford  and  other  places  on  the  present  coast  (p.  517).* 

The  darkly-dotted  patches  in  the  map  (conglomerates,  4) 
will  serve  to  show  the  mode  of  occurrence  of  the  beaches  sur- 
rounding the  older  rocks  of  the  Mendip  Hills,  and  an  adjoining 
portion  of  country  near  Wrington,/.  Although,  from  the  tra- 
velling upwards  of  continuous  portions  of  these  beaches  during 
the  gradual  submergence  of  the  dry  land,  and  the  subsequent 
wearing  of  the  rocks,  including  all  in  the  district,  up  to  the 
time  of  its  alluvial  plains  inclusive,  they  may  not  give  the 
exact  representation  of  the  beaches  of  one  time,  they  will  still 
serve  to  show  the  manner  in  which  they  were  accumulated 
round  this  old  portion  of  dry  land.  Taken  in  connexion  with 
rimilar  facts  observable  even  so  near  as  Gloucestershire  and 
Glamorganshire,t  and  looking  at  the  size  of  the  rounded  frag- 
ments sometimes  foimd  in  them,  the  effects  of  considerable 
breaker  action  is  observable  on  the  shingles,  and  they  seem  to 
have  been  well  piled  up  at  the  bottom  of  old  b^ys  and  other  lo- 

*  The  names  of  the  varioiu  placet  marked  by  croeses  and  letters  in  the  mi^ 
(fig.  167)  are  as  follows  :^a,Tickenham;  6,Nailsea;  CyChelvey;  d^Brockley 
e,  Kingston  Seymour ;/,  Wrington ;  g^  Nempnet ;  k,  Congresbury ;  I,  BanweU 
SI,  Loeking;  ft,  Bleadon;  o,  Lympsham;  pt  Barington;  9,  Compton  Martin 
r,  Hinton  Blewet;  s.  East  Harptree;  t,  Lilton;  v,  Chew  Stoke;  x.  Chew 
Magna ;  jf,  Stowey ;  of,  Shipham ;  &',  Biddesham ;  c',  Badgworth ;  <f ,  Weare ; 
tf',  Axbridge;  /*,  Chapel  Allerton;  (f,  Chedder;  hf,  Priddy ;  i\  Binegar; 
k\  Chewlon  Mendip ;  {',  Wedmore ;  m',  Badstock ;  n',  Kilmersdon ;  o\  Draycot ; 
p\  Stoke  Rodney  ;  rf,  Westbnry ;  r',  Wookey  ;  s\  Dinder ;  t\  Crosscombe ; 
o*.  North  Wooton  \  w,  Wells ;  x',  Shepton  Mallet ;  y\  Downhead ;  j;',  Mells ; 
a",  Elm ;  V\  Whatley ;  c",  Nnnney ;  (f ',  Cloford;  <",  East  Craamore;  and/', 
CheirterUade. 

t  See  the  Geological  Bfap,  **  Memoirs  of  the  Geological  Surrey  of  Great 
Brttnu,**  vol.  i^  pi.  2,  in  which  a  large  area  oocapied  by  acoomnlations  of  this 
class  and  time  wiU  be  fonnd  represented. 
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calitiefl  where  faTOurable  conditioiu  for  their  iffodnction  ensted. 
Tile  fbtlowing  section  (fig.  168)  wUl  show  one  of  these  annent 
beaches  iacing  the  gorge  of  the  Avon,  near  Clifton,  Bristol, 

Pif.  I  BR. 


a,  d,  linMsto&ec,  inleimmgled  witb  nodilonci  and  m*rl«,of  tbe  opper  put  of 
the  earboDiferont  UmeiUiie  lerin  of  the  diitrict,  brooght  in  bj  a  Urge  &iilt, 
on  the  N.W.  of  the  WindmiU  Hill,  Clifton ;  b,  boalden  and  pebblea,  in  pait 
rabaognlaT,  of  the  inbjacent  rocki,  oemented  bj  matter  in  part  calcareo-mag- 
neaian,  Tariablj  eonsolidaled ;  c,  coaglom«rMe  or  breccia,  ia  which  the  mag- 
neuo-calcanotu  nutter  ii  more  abundaot,  becoming  more  toatd,  vhere  it  fnr- 
ther  amome*  (be  character  of  the  more  pore  dolooiitic  llmetlone  in  which 
pebUea  and  fragment!  do  not  occor. 

in  a  depresuon  between  Durdbam  Down  and  Clif^  I£U, 
in  which  some  of  the  rounded  portions  of  the  subjacent  rock 
cannot  be  much  lees  than  two  tons  in  weight,  requiring  no 
slight  force  of  breaker  action  to  move  them  and  heap  them  up 
as  now  seen. 

The  submergence  of  this  dry  land  continuing  while  geo- 
lo^cal  changes  were  being  effected  over  a  wide  area,  (in  which 
this  district  occurred  as  a  mere  point,)  and  so  that,  without 
reference  to  the  modifications  of  depodts  produced  elsewhere, 
the  red  sediment  of  the  seas  near  the  shores  of  the  land,  then 
above  water  in  the  area  of  the  British  Islands,  was  succeeded 
by  others  in  and  above  which  animal  life  swarmed,  the  beaches 
moved  upwards  on  the  slopes  of  adjacent  rocks.  Thus  the 
rolled  pebbles  of  tiie  latter,  and  of  the  cli&  of  the  time,  were 
occa«onally  intermingled  with  the  remains  of  the  animal  life 
then  existing.  Near  Shepton  Mallet  {x\  in  the  map,  fig.  167), 
where  the  lias  (6)  rests  both  on  the  old  red  sandstone  (1),  and 
the  carboniferoos  limestone  (2),  there  is  much  of  this  old 
shingle  (now  conglomerate).*  The  following  (6g.  169)  is  a  sec- 
*  Theae  conglomentel,  irhich  are  abundant,  and  wherein  the  pebblea  aie 
cluefl;  deriTed  front  the  adjaoeot  carboDifiroDa  limntone,  hate  been  long  ainoe 
pointed  oat  hj  Dr.  Bockland  and  the  Ser.  W.  Conjbeare  (1834),  "  ObMm- 

liooa  OD  the  goath-WMlem  Coal  Diitrict  of  Engtaitd ;"  Geolt^ieal  Tmmmc- 

ioni,  and  leries,  «ol.  i.,  p.  394. 
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tun,  exbilnted  close  to  SheptoD  Mallet,  on  the  Bath  road, 
wherein  a  line  of  pebbles  (d)  is  strewed  over  the  preTiously 
upturned  edges  of  supportieg  carboniferoua  limestone  (a,  a), 
and  oHietitutes  a  continuatioD  of  some  more  arenaceous  and 
pebble  beds,  presenting  much  the  appearance  of  a  shore,  not  £u 
distant.*  The  Uae  at  c,  covering  this  pebble  or  shingle  bed, 
Fig.  169. 


lias  been  thrown  down  (as  it  is  termed)  by  a  dislocation,  or 
&nlt  /,  so  that  beds  above  that  at  c,  are  seen  at  </,  d,  d,  the 
latter  again  broken  through  by  a  dislocation  at  y,  and  the  whole 
surface  of  the  hill  being  so  smoothed  off  by  denuding  causes, 
that  a  gently-sloping  plane  is  alone  seen.  Before  we  quit  this 
section,  it  may  be  mentioned,  that  an  observer  in  search  of  the 
di&rent  conditions  under  which  fossiliferous  depoats  may 
have  accnmulated  will  here  see  that  mucb  less  mud  must  have 
been  mixed  with  the  calcareous  matter  of  the  lias  than  is  usual 
in  the  district,  and  which  is  to  be  found  not  far  distant  from  this 
locality.  The  lias  limestone  beds  {d,  (f,  tf)  are  here  thick,  for 
the  moat  part,  and  in  purity  m<we  resemble  the  carboniferoas 
limestone  (a,  a)  on  which  they  rest,  showing  a  cleaner  state  of  the 
sea  where  they  were  formed  than  in  those  areas  over  which  the 
usual  mud,  and  muddy  and  silty  limestone  of  the  lias  were  accu- 
mulated. Coupled  with  the  evidence  of  beaches,  this  greater 
freedom  from  mud  would  seem  to  point  to  the  greater  proximity 
of  a  shore  with  minor  depths  of  sea,  near  and  at  which  the 
waters  were  generally  more  disturbed,  so  that  the  lighter  sub- 
stances being  readily  held  in  mechanical  suspension,  they  were 
eamly  moved  away  by  tides  and  currents  to  more  fitting  situ- 
ations for  deposiL 

*  Thi*  wu  well  i«eD  Ruther  up  the  TOtd,  in  1S4S,  U  vldch  time  lome  new 
cuttingi  were  is  progreu. 
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Thb  character  of  a  less  muddy  condition  of  the  lias  is  by  no 
means  confined  to  the  vicinity  of  Shepton  Mallet ;  it  is  to  be 
seen  in  several  places  in  that  part  of  England  and  South 
Wales.  It  is  well  shown  in  parts  of  Glamorganshire,  where, 
indeed,  ajs  in  tlie  vicinity  of  Merthyr  Mawr;  care  is  required 
not  to  confound  some  of  it  with  the  carlxniiferous  limestone  to 
which  it  there  bears  do  inconsiderable  mineralogical  resem- 
blance. Here,  again,  the  observer  finds  this  character  in  con- 
nexion with  old  conglomerates,  resembling  beach  aocumulatioiis 
of  the  time  of  the  lias,  pointing  to  the  probable  proximity  of 
dry  land,  such  as  may  be  readily  inferred  to  have  then  existed 
in  the  great  coal  district  on  the  north  of  it,  even  now^  after  so 
much  abrasion,  during  depressions  and  elevations  beneath  and 
above  the  sea  during  a  long  lapse  of  geological  time,  rising  hig^ 
above  these  deposits.  In  the  same  neighbourhood  (Dunraven) 
there  is  also  good  evidence  of  the  lias  reposing  upon  a  dean 
surface  of  carboniferous  limestone,  as  will  be  seen  in  the  an- 
nexed sketeh  (fig.  171)  and  in  the  subjoined  section  (fig.  170), 


Fig.  170. 


wherein  a  represents  disturbed  strata  of  the  latter,  and  b  beds  of 
the  former,  resting  on  their  edges.  In  the  section  (fig.  170) 
the  lower  beds  (b)  of  the  lias  are  light*coloured,  and  contain 
fragments  from  the  subjacent  carboniferous  limestone,  these  suc- 
ceeded by  argillaceous  grey  limestones  at  c.  /,/are  disloca- 
tions or  faults,  traversing  the  beds.  In  this  case,  though  an 
observer  might  suspect  the  vicinity  of  a  coast  itom  the  frag- 
ments in  the  lower  lias,  he  would  desire  further  evidence,  and 
by  search  he  would  find,  round  the  point  (2,  in  the  sketch  (fig. 
171),  a  conglomerate  (ft,  ft,  fig.  172),  reminding  him  of  abeM^ 
interposed,  to  a  certain  extent  and  level,  between  the  beds  of  lias 
{dj  d)  and  a  worn  slope  of  supporting  carboniferous  limestone 
beds  (a,  a),  which  here,  from  a  local  curvature,  are  brou^^t 
into  a  horizontal  position.    At  c,  in  this  section,  the  whitish 
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variety  of  the  lias  of  the  district  is  found  in  a  great  measure 
free  from  muddy  admixture.     It  is  eren  oecamonally  dolomitic, 
and  Bumewhat  crystalline  in  this  vidnity.* 
Fig.  ITS. 


Returning  to  the  minor  area  of  the  Mendip  Hills  for  evi- 
dence respecting  the  dry  laud  and  shores  of  the  locality  and 
period,  ve  find,  as  the  land  became  more  and  more  depressed 
beneath  the  sea,  that  the  lixs,  as  it  were,  crept  up  tlie  aides  of 
the  steeper  shores,  aceamulating  more  miuldy  matter  out- 
wards, depresfflons  being  filled  up,  sometimeB  even  on  the  sbores 
when  suEGcieDt  tntnqmllity  permitted  such  a  deposit,  fine  sedi- 
ment accnmnlating  above  fine  sediment,  so  that  there  was  a 
kind  of  passage  vt  the  lias  into  the  fine  red  marls  beneath 
(fig.  173).t 

Fig.  173. 


a,  gray  liu  UmcMrae  uid  marU;  h,  wrtlij  wbitith  limMtone  and  maita-, 
c,  CWII17  vUte  liu  Uine«tOD« ;  i^ireiMMcnu  limMtone;  «,  gray  narii;  g,  red 
mwlt(  h,  Dmditone,  irith  olorcoiu  oement;  1,  bloa  nurl;  k,  rad  Burl ; 
t,  blue  mtrl ;  and  «,  red  marii. 

The  observer  next  finds  limestone  beds  (7),  known  as  the 
tn/emr  oolite,  resting  (map,  fig.  167)  from  Cramnore  (e"),  on 

■  Part  of  tbeM  lower  bedi  of  the  liu  of  the  diilrict  ii  known  ■■  SbHob 
Stone,  and  hM  been  employ ed  tor  archileetnral  pnrpoaca  daring  manj  eaitnriee, 
being  well  fitted  fbr  them. 

t  The  Kdion  leleetad  ii  from  the  Yidmly  of  Slieplon  Uallet,  refemce  U 
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the  south,  to  Mells  {z)  on  the  north,  upon  various  older  accu- 
mulations ;  old  red  sandstone  (1),  carboniferous  limestone  (2), 
coal  measures  (3),  and  lias  (6),  passing  over  the  nearly  hori- 
zontal beds  of  the  latter  as  well  as  the  variously-curved  beds 
of  the  three  former.  The  remains  of  animals  of  marine  cha- 
racter show  that  this  accumulation  was  effected  in  a  sea,  and 
therefore,  that  the  depression  of  the  land  above  mentioned  had 
continued ;  but,  as  no  distinct  beaches  have  yet  been  disco- 
rered  in  connexion  with  this  calcareous  deposit,  the  probable 
boundaries  between  the  sea  and  the  land  are  not  so  apparent. 
It  is  not  clear  that  the  whole  of  the  Mendip  Hills  may  not  have 
been  beneath  the  waters,  though  the  relative  levels  of  the  dif- 
ferent parts  of  the  general  masses  of  rock,  notwithstanding  the 
changes  in  these  levels  produced  by  various  dislocations, 
effected  during  a  long  lapse  of  geological  time,  would  lead  us 
to  infer  that  portions  of  dry  land  may  still  here  and  there  have 
risen  above  the  sea  in  that  minor  area.  Be  this  as  it  may, 
when  this  overspread  of  calcareous  matter  (inferior  oolite) 
took  place,  passing  over  the  old  margin  of  the  lias,  there  were 
bare  patches  of  carboniferous  limestone  (2)  in  the  sea,  and  into 
these  the  boring  animals  of  the  time  burrowed.  Their  remains 
are  now  found  in  the  holes  worked  by  them ;  and  when  good  sur- 
faces are  exposed,  an  observer  might  imagine  himself  walking 
on  Umestone  rocks,  dry  at  low  tides,  in  which  the  lithodomous 
molluscs  of  the  present  day  were  in  the  cells  hollowed  out 
by  them.  Not  only  are  these  old  surfisu^es  thus  bored  by  the 
rock-burrowing  molluscs  of  that  period  (the  time  of  the  inferior 
oolite  deposit),  but  here  and  there — ^as,  for  example,  near 
Nunney  (c"), — the  oysters  of  the  same  date  are  still  found 
adhering  to  the  bare  limestone  submarine  surfaces  of  the  time. 
There  may  be  doubts  as  to  the  depths  at  which  the  boring 
molluscs  worked,  and  the  oysters  adhered  to  these  bare  carbo- 
niferous limestone  rocks ;  the  whole  of  the  old  dry  land  may,  as 
before  mentioned,  have  been  then  under  water ;  but  while  the 
observer  thus  loses  his  traces  of  dry  land,  he  has  evidence  that 
it  still  contmued  to  descend,  so  that,  at  least,  the  movement  in 
that  direction  had  not  ceased. 
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The  following  section  (6g.  174)  will  aeire  to  illustrate  tbe 
maimer  in  which  tiie  older  be&ches  {d,  m)  were  overlajq>ed,  as  h 
Fig.  174. 


is  termed,  b;  the  inferior  oolite  (^,  n).  The  sands,  commonly 
known  as  the  inferior  oolite  sands  (_/*),  separating  tbe  cal- 
careous beds  of  the  inferior  oolite  from  the  lias  (e),  including 
in  the  latter  tbe  upper  beds  of  that  rock  termed  the  marlstone 
(an  accumulation  replete  with  organic  remans),  is  also  over- 
lapped. A  /  is  the  clay  known  as  Fuller's  earth,  t  its  limestraie. 
With  regard  to  the  mode  of  occurrence  (^  the  inferior  oolite 
(7,  map,  fig.  167),  the  annexed  sketch,  taken  near  Frome,  on  tbe 
road  to  Mells,  wiU  show  not  only  the  manner  in  which  it  (a) 


frequently  rests  on  Bubjscent  carboniferous  limestone  {e),  but 
also  the  very  even  surface  which  the  latter  frequently  presents 
orer  comparatiTely  large  areas  in  that  vidnity.  These  sor- 
&ces  are  usually  drilled  not  only  by  the  large  boring  mollusc 
of  the  time,  occasionally  found  in  their  holes,  as  shown  beneath 
{a,  fig.  176),  but  also,  in  a  more  tortaons  manner,  by  another 
Kg.  176. 
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ammal,  aectaons  of  the  boles  made  by  wbicb  are  seen  at  &,  b. 
At  b  (fig.  175)  there  is  a  somewhat  arenaceous  parting, 
eorering  over  the  bored  surface  of  the  limestone,  an  intro- 
duction of  matter  which  may  have  served  to  render  that  sur- 
&ce  no  longer  fitted  for  the  habitation  of  the  lithodomous 
animals. 

To  mark  the  date  of  these  borings  still  more  perfectly,  the 
same  vicinity  fortunately  presents  us  with  evidence  (fig.  177)  of 
a  portion  of  the  shingle  (a),  accumulated  at  the  time  of  the  lias 
(of««ric  remaiiB  characteristic  of  that  deposit  as  it  occurs  in 
the  vicinity  being  found  in  it),  having  been  consolidated  and 
planed  down,  by  denuding  causes,  to  the  same  level  with  the 
carboniferous  limestone,  &,  &,  in  a  cleft  of  which  it  occurs,  and 
having  been  bored  by  the  same  marine  animals  anterior  to  the 
deposit  of  the  inferior  oolite,  c,  c.     Still  further  affording  the 

Fig.  177. 


;    h 


observer  relative  dates  for  these  perforations,  he  will  find  that 
the  beds  of  the  inferior  oolite  itself  are  thus  bored,  and  by  the 
same  kinds  of  animals,  as  can  be  seen  at^the  quarries  of  Doult- 
ing,  on  the  south  of  the  Mendips,  and  near  Ammersdown,  on 
the  north,  where,  as  the  beds  became  successively  consolidated, 
they  afforded  the  needful  conditions,  on  their  upper  surfiices, 
for  the  existence  of  these  marine  animals,  requiring  shelter  in 
hard  rocks. 


•  *■ 
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Assuming,  for  illustratioii,  that  the  older  rocks  of  this  small 
district  became  totally  submerged  at  this  time,  the  geolo^st 
will,  as  it  were,  have  traced  the  state  of  a  minor  area  from  one 
where  there  may  have  been  dry  land  intermixed  with  sea,  to 
another  where  the  latter  oyerspread  all  traces  of  the  former. 
What  may  thus  be  done  on  the  small  scale  can  sometimes  be 
readily  effected  oyer  areas  of  fiur  wider  extent.  It  can  be  so, 
with  care,  over  much  of  the  British  Islands,  as  respects  the  pro- 
bable intermixture  of  land  and  sea,  at  the  time  of  the  accumu- 
lation of  the  new  red  sandstone  series.  To  a  certain  extent  the 
study  of  any  general  geological  map  of  these  islands  will  show 
this,  though  not  altogether,  since  denuding  causes  have  some- 
times so  acted  as  to  remove  these  rocks  and  subsequent  deposits 
from  localities  which  would,  judging  from  the  mode  of  occur- 
rence of  the  rocks  in  them,  have  been  beneath  the  waters  at  the 
time  that  other  portions  of  these  beds  were  formed.* 

Extending  his  views,  it  behoves  the  observer  still  frurther  to 


*  It  becomes  eztremelj  loterestiDg  to  consider  the  wide-spread  distribation, 
oyer  a  portion  of  Western  Europe,  of  the  tranquil  conditions  prevalent  at  the 
period  when  the  marls  (termed  new  red  sandstone  marls,  upper  trias  maris, 
mames  irises,  and  keuper)  ceased  to  be  thrown  down  on  the  sea-bottcMn  of 
the  time  with  such  a  common  character,  and  the  mud,  and  calcareous  mud  of  a 
succeeding  accumulation,  the  lias,  also  occurred  over  much  of  the  same  area 
with  its  common  character,  carefhlly  looking  for  the  probable  lands  whence  the 
needful  minera>supply  was  derived,  and  around  or  on  which  the  terrestrial  plants, 
insects,  flying,  coast,  and  oviparous  reptiles,  and  remuns  of  marine  animals 
whose  preserved  hard  portions  correspond  with  littoral  creatures  of  the  present 
time,  existed.  The  carefiil  sketching,  however  approximative  it  might  at  first 
be,  of  the  probable  area  occupied  by  land  and  sea  in  the  European  area  at  this 
time,  with  the  distribution  of  organic  remains  found  in  the  lias,  distinguishing 
its  upper  and  lower  parts,  would  alone  fiimish  matter  for  much  useful  progress 
in  inquiries  of  this  kind.  The  scarcity  of  animal  remains  in  the  upper  red  or 
variegated  maris,  and  the  distribution  of  the  little  areas  where  these  are  de- 
tected, with  the  subsequent  abundance  of  life,  as  shown  by  its  remains,  consti- 
tute in  themselves  interesting  inquiries  for  those  tracing  out  effects  to  their  pro- 
bable causes,  and  who  reason  from  the  known  to  the  unknown.  The  unequal 
distribution  of  the  saurians  of  the  time,  so  numerous  and  so  varied  in  certain 
localities,  and  the  patches  where  drifted  terrestrial  plants  are  discovered,  afibid 
much  information  that  is  valuable^  it  appearing  sometimes  needful  to  snppoee 
that  the  shores  formed  of  the  mud  and  sands  of  immediately  preceding  aoeu- 
mnlatious  had  been  upraised  above  the  sea  level,  to  account  for  these  distributions. 
Henee  the  probable  oscillation  of  the  land  at  the  time,  above  and  beneath  the 
ecojmes  also  a  part  of  such  researehes. 
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coosider  the  probabilities  of  dry  land  over  wider  areas,  such  as 
would  embrace  large  portions  of  our  continents,  if  he  expects 
to  arrive  at  comprehensive  conclusions  as  to  the  conditions 
which  may  have  governed  the  production  of  any  given  detrital 
or  fossiliferous  accumulation  which  he  may  have  under  exami- 
nation. As  we  have  seen,  it  is  highly  important  for  him  to  ob- 
tain good  evidence  of  beaches  wherever  they  can  be  observed, 
inasmudbi  as  these  ^ve  him  the  boundaries  of  land  and  sea  at 
certain  geological  times.  These,  however,  he  cannot  always 
detect,  since  their  preservation  will  depend  upon  favourable 
circumstances,  such,  for  example,  as  their  consolidation  at  the 
time  of  their  production,  as  is  now  effected  in  certain  localities, 
or  their  occurrence  in  such  sheltered  situations,  under  altered 
conditions  of  sea  and  land,  that  they  may  be  covered  up  and 
not  be  removed  (p.  524). 

Though  fresh-water  deposits,  as  they  are  termed  (from  the 
remains  detected  in  them  being  limited  to  those  of  terrestrial 
and  lacustrine  or  fluviatile  life),  may  not  give  any  definite 
boimdaries  of  the  land  and  sea  for  any  given  geological  time, 
they  nevertheless  prove  the  existence  of  dry  land  surrounding 
them  at  that  time.  Supposing  the  great  lakes  of  North  Ame- 
rica to  be  filled  up,  mechanically  or  chemically,  by  mineral 
matter,  enveloping  the  remains  of  the  life  inhabiting  them,  or 
drifted  into  them  by  rivers,  and  these  accumulations  to  be  ele- 
vated into  the  atmosphere,  forming  hill  and  dale,  and,  crumpled 
and  broken,  even  parte  of  high  mountains  and  deep  valleys, 
though  they  would  not  afford  an  observer  the  land  boundaries 
of  the  present  day,  collectively  taken  they  might  prove  the 
existence  of  no  inconsiderable  tract  of  dry  land  at  a  given 
period.  Seeing  the  apparent  necessity  for  land  above  the  level 
of  the  sea  to  be  worn  away  by  atmospheric  influences,  running 
waters,  and  the  action  of  the  sea,  in  order  to  supply  the  mate- 
rials, not  organic,  for  the  mechanical  deposits  accumulated  in 
the  seas  of  any  particular  geological  time,  should  no  traces 
of  it  be  found  in  certain  regions  amid  fossiliferous  rocks,  either 
that  land  was  very  distant,  possessed  no  lakes,  at  least  none  in 
which  mineral  deposits  were  formed ;  had  no  rivers  flowing  from 
it  into  the  seas,  carrying  onwards  fresh-water  animals  to  them 
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or  should  there  have  been  foesilileroufi  accumuIatioDs  of  « 
fresh-water  kind,  they  had  been  removed  eubsequently  to  thdr 
{Roduction. 

To  estimate  the  probable  preservation  c^  such  deposits  amid 
movements  of  the  earth's  sur&ce,  depressing  dry  land  beneadi 
the  level  of  the  sea,  the  observer  should  direct  his  attentioD  to 
the  effects  which  would  follow  such  a  change.  If  any  large 
area  of  dry  land,  wholly  or  partly  bounded  by  seas,  were  now 
elevated  higher  above  the  latter,  there  would  probably  be  a 
fmge  of  submarine  deposits  upraised  at  the  same  time,  while 
the  various  outflows  of  river  waters  would  have  to  adjust  them- 
selves to  the  new  sea  level.  Many  estuaries  would  cease  to  be 
such  (if  the  boundary  eeas  were  tidal),  and  the  courses  of  their 
feedii^  rivers  would  require  adjustments  in  accordance  witii  the 
change  of  level ;  much  additional  relodtj,  consequently  scouring 
power,  the  volume  of  these  waters  remaining  the  same  as  a 
whole,  being  given  to  those  parts  of  their  channels,  the  adjost- 
ments  c^  which  bad  been  more  or  less  regulated  by  the  fonnw 
sea  leveL  Under  such  conditions,  it  would  happen  as  beneath 
(fig.  178),  that  many  a  river  course  was  so  lowered  that  old 

Fi(;.  178. 


river  beds,  a,  a,  would  be  left  perched  on  the  sides  of  valleys, 
above  those  which  tlie  river  had  formed  for  itself,  ^ther  by 
removing  loose  materials  accumulated  in  the  valley,  v,  daring 
its  former  adjusbnents,  or  by  cutting  tbrou^  some  rocky  bai^ 
rier,  b,  b,  wHch  the  new  velocity  of  its  course,  and  power  to 
transport  the  means  of  effective  fiiction,  have  permitted.  'Die 
new  coast  line  would  be  variably  acted  upon  by  the  break««. 
In  cases  of  cliffii  of  hard  rocks,  previously  descending  into  the 
sea,  so  that  upon  the  uprise  of  the  land  the  breakers  stiU  acted 
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upon  the  clifis,  no  material  difference  would  take  place,  except 
80  far  as  the  now  shallower  depths  adjoining  may  be  more  dis- 
turbed than  previously  by  waves,  so  that  fine  sediment,  formerly 
at  rest,  might  be  removed,  and  its  further  accumulation  in  that 
locality  prevented.  With  the  fringes  of  any  littoral  sea  bot- 
toms upraised,  the  effects  would  be  very  different.  The  adjust- 
ment to  the  previous  breaker  action  on  shallow  shores,  especially 
on  those  where  the  surplus  sands  were  driven  on  land,  and 
accumulated  in  sandhills  (p.  68),  would  be  destroyed,  and  the 
sea  would  remove  the  loose  materials  before  it,  until  a  new 
balance  offeree  and  resistance  had  been  again  accomplished,  in 
the  manner  represented  beneath  (fig.  179).     If  in  this  section 

Fig.  179. 


.••::.,.•  •  •' 

a 

a  be  the  surfisuie  of  the  sea,  after  an  elevation  of  the  adjoining 
land,  so  that  a  sea  bottom,  i,  «,  be  brought  within  the  action  of 
the  breakers,  A,  under  which  its  slope  had  been  previously  ad- 
justed, then  that  action  would  readily  remove  the  unconsolidated 
mud,  silts^  or  sands  exposed  to  it,  as  well  as  the  remains  of  any 
animals  entombed  in  them  during  their  accumulation,  or  de- 
stroyed when  upraised.  Should  the  elevation  of  the  land  be 
continued,  the  subjacent  detrital  bed,  J,  y,  with  any  organic 
remains  it  also  might  contain,  would,  in  its  turn,  be  subjected 
to  the  same  action,  so  that  upon  exposed  ocean  coasts,  with 
heavy  breakers,  vast  tracts  of  sea  bottoms  might  be  removed^ 
their  materials  accumulated  elsewhere  in  the  localities  where 
they  could  find  rest.  As,  under  such  conditions,  there  would 
be  depths,  where,  firom  the  disturbance  produced  by  the  waves 
above,  a  mere  sifting  of  the  materials  of  these  bottoms  would 
be  effected,  it  is  desirable  that  an  observer  should  bear  in  mind 
the  mixture  which  might  thence  arise  of  the  hard  remains  of 
marine  animal  life,  entombed  in  the  older  sea  bottoms,  with 
those  of  the  animals  inhabiting  the  seas  of  the  time,  so  that, 
should  any  change  have  been  effected  in  the  life  of  the  area  by 
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the  changes  of  relative  levels,  during  the  interval  of  the  pro- 
duction  of  the  respective  sea  bottoms,  the  organic  remains  of 
both  might  be  much  mingled,  especially  when  accomplished  in 
a  quiet  manner,  so  as  not  to  injure  the  entire  shells  or  other 
remains  of  the  older  accumulation. 

Upon  such  an  elevation  of  land,  if  it  were  horizontal,  as  re- 
gards a  particular  area,  upon  which  any  fresh-water  lake  mi^t 
be  situated,  the  ^nditions  affecting  the  deposits  in  it  might 
remain  much  the  same,  except  in  such  cases  as  where  a  dis- 
charging river  into  some  adjoining  sea  was  so  much  changed,  as 
regards  its  outflow,  that,  instead  of  a  moderate  velocity,  it 
should  acquire  one  so  considerable  that  the  surfiice  of  the  lake 
itself  became  lowered  from  the  cutting  down  of  a  new  channel, 
by  which  an  adjustment  of  fall  had  been  effected  to  the  rela- 
tively new  sea  level.  Under  such  circumstances,  the  area^and 
volume  of  the  lacustrine  deposits  thence  exposed  would  depend 
upon  the  shallowness  or  depth  of  the  lake.  When  we  turn 
to  great  regions  of  lakes,  such  as  those  in  North  America, 
and  refer  to  the  probability  of  the  unequal  lifting  of  the  land, 
so  that  one  portion  may  be  tilted  more  than  the  other,  it 
is  easy  to  conceive  that  the  waters  of  great  lakes  can  be  so 
removed  that  much  of  their  old  deposits  may  be  exposed  as 
dry  land,  while  accumulations  may  continue  to  proceed  in  the 
portions  of  their  basins  still  submerged.  In  great  lakes,  where 
breaker  action  produces  appreciable  efiects,  there  would  be  tiie 
same  tendency  to  remove  loose  upraised  bottoms,  thus  brought 
within  its  influence,  as  on  the  sea-coasts,  calcareous  deposits 
necessarily  offering  resistances  in  proportion  to  their  hardness, 
amounting  even  to  that  of  compact  limestone. 

Turning  now  to  the  elevation  of  land  over  a  wide  area,  so 
that  the  communications  between  seas  intermingled  with  it  and 
the  main  ocean  may  be  cut  off,  great  geological  changes  may 
be  effected,  not  only  in  the  life  of  the  waters  enclosed  by,  or 
running  amid  the  land,  but  in  the  conditions  of  the  dry  land 
itself.  As  we  have  seen  (p.  82),  the  evaporation  in  the  Medi- 
terranean is  so  fiu*  beyond  the  supply  of  water  it  receives  through 
the  Dardanelles,  fix)m  the  Black  Sea,  and  fix)m  the  rivers  flow- 
ing into  it,  that  if  any  elevation  of  the  land  took  place,  so  that 
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the  Stndts  of  Gibraltar  were  closed,  a  change  which  the  geologist ' 
will  learn  from  his  researches  to  consider  as  one  of  no  great 
comparative  amount,  this  sea  would  have  to  adjust  itself  to  the 
supply  of  water,  so  that  the  one  should  balance  the  other. 
The  result  would  be  a  great  exposure  of  the  present  shallow 
sea  bottom  of  the  Mediterranean,  and  a  change  of  level  by 
which  the  outfalls  of  the  rivers  woidd  acquire  additional  velocity, 
one  which  would  also  be  communicated  to  the  current  through 
the  Dardanelles,  with  a  new  adjustment  of  levels  in  the  Black 
Sea  and  the  rivers  flowing  into  it,  extending  to  the  Sea  of 
Azof. 

The  great  rivers  pouring  their  waters  into  the  Mediten*anean 
would  continue  to  produce  their  present  effects  long  after  a 
stoppage  to  a  free  communication  with  the  ocean  was  occasioned 
at  the  Straits  of  Gibraltar,  a  vast  mass  of  detritus  being  borne 
into  it  as  now,  entombing  the  remains  of  animal  and  vegetable 
life.  It  is  interesting  to  consider,  that  should  the  adjustment 
required  for  evaporation  and  supply  of  water  lower  the  level  of 
the  Mediterranean  suffidently  far  (450  feet),  two  basins  woidd 
be  formed  by  a  barrier  passing  between  Sicily  and  the  coast  of 
Africa,*  and  the  mouth  of  the  Dardanelles  would  present  dry 
land  after  the  depression  had  continued  to  222  feet,  so  that 
either  the  descent  of  the  waters  supplied  by  the  Black  Sea 
would  be  over  a  rocky  river  channel,  or  the  removal  of  the 
matter  in  the  Dardanelles  and  Bosphorus  would  effect  a  free 
conmaunication  with  the  Black  Sea,  lowered  to  such  an  extent 
as  to  produce  tiie  most  marked  changes  on  its  shallower  coasts, 
and  most  materially  reduce  its  area. 

Thus  by  the  mere  uprise  of  land  over  a  moderate  area,  one 
comprising  Spain  and  the  opposite  land  of  Africa,  very  modify- 
ing effects  would  be  produced  over  a  wide  range  of  land  and 
intermixed  water.  A  glance  at  maps  of  the  world  will  show 
how  readily  other  important  modifications  of  great  areas  might 
be  effected  by  comparatively  local  elevations  of  land,  such  as 
clorang  the  outlets  of  the  Baltic  or  the  B^  Sea,  the  one,  as  at 
present,  continuing  to  find  an  outlet  for  any  waters  which  may 

*  See  Captain  Smyth's  *'  ChartB  of  the  Mediterranean/' 
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find  their  way  into  it,  the  supply  being  greater  than  the  evapo- 
ration, while  the  reverse  might  be  expected  in  the  latter, 
bounded  by  coasts  to  which  so  little  river  water  flows,  so  that 
a  larger  area  than  the  Dead  Sea  (its  level  1312  feet  beneath 
that  of  the  Mediterranean),  would  be  presented,  all  the  diallow 
portions  of  the  Bed  Sea  exposed,  and  such  extension  of  the 
sand-drifts  permitted  as  the  new  conditions  might  offer. 

From  similar  conditions  to  a  complete  removal  of  water, 
so  that  wide  tracts  of  desert  sands  are  produced,  the  obeerver 
will  have  no  di£Sculty  in  following.  The  results  obtained  are 
the  needful  consequences  of  an  inadequate  supply  of  water  to 
compensate  for  the  evaporation,  so  that,  while  in  Central  Asia 
there  are  still  the  remains  of  the  waters  which  once  covered  so 
wide  an  area  in  that  part  of  the  world,  as  above  noticed 
(pp.  84, 119),  in  Sahara  and  the  other  great  deserts  of  Afiica, 
whole  regions  are  strewed  over  with  unconsolidated  sea  bottoms 
driven  about  by  the  winds.* 

All  such  surface  changes,  with  the  various  modifications 
resulting  from  the  unequal  tilting  of  considerable  tracts  of 
country  from  one  course  of-  general  drainage  to  another,  as  can 
often  be  so  eaaly  efiected  by  comparatively  moderate  and  un- 
equal elevations  of  portions  of  dry  land,  should  be  well  cona- 
dered  when  weighing  the  probabilities  of  the  existence  of  such 
land  in  any  parti(mlar  part  of  the  earth's  8urfi«5e  at  aome  giTen 
geological  time.  It  will  be  evident  that  many  complicated  and 
intermingled  deposits,  containing  the  remains  of  marine,  fresh- 
water, and  terrestrial  life,  may  be  formed  without  the  sub- 
mersion of  a  great  area  of  dry  land  beneath  tiie  waters  of  the 
ocean,  a  point  of  no  small  importance  when  the  contemporaneous 
spread  of  animal  and  vegetable  life,  intermingled  with  the  mi- 
neral accumulations  of  the  time,  is  under  consideration. 

*  The  observer  will  do  well  to  stady  the  evidence  adduced  by  Sir  Roderick 
Marchiflon  and  his  colleagaes  (**  Geology  of  Russia  in  Europe  and  the  Urals," 
vol.  i.»  p.  297),  respecting  the  character  of  the  wide-spread  depodts  of  the 
great  region  in  which  the  Caspian  is  included,  showing  the  change  of  life 
during  a  time  when  the  area  passed  through  a  condition  of  brackish  water  to 
the  mixture  of  dry  land  and  water  which  now  presents  itself.  An  important 
ad^tion  to  our  knowledge  of  the  changes  which  the  earth's  snrftoe  has  under- 
gone, over  a  wide  spread  region,  in  comparatively  recent  geological  times. 
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Though  upon  an  elevation  of  land  much  of  the  shallow  sea- 
bottoms  adjoinmg  it  may  be  exposed  to  the  destructive  action  of 
the  breakers,  as  above  mentioned  (p.  565),  the  same  movement 
would  cause  many  portions  of  a  littoral  sea  bottom  to  be  brought 
up  to  the  height  most  &vourabIe  for  the  preservation  of  its  slope 
seaward,  and  the  accumulation  of  sand-hills  beyond  tiie  new  line 
of  shore  inland.  Another  effect  would  be  the  conversion  of 
many  arms  of  the  sea  into  lakes,  the  shallower  depths  found  in 
many  localities  at  the  outer  or  seaward  part  of  such  inlets  of 
the  sea  amid  the  land,  forming  a  low  barrier  between  the  sea 
and  the  more  inward  and  deeper  parts  now  separated  from  it. 
In  such  cases  the  newly-included  portion  of  the  sea  would  gra- 
dually become  less  saline  from  the  continued  supply  from  the 
rivers  which  are  generally  to  be  found  in  such  localities,  so  that, 
finally,  a  fresh- water  lake,  such,  for  example,  as  Loch  Ness,  in 
Scotland,  might  still  preserve  a  conaderable  depth,  its  surplus 
waters  finding  their  way  to  the  sea  by  some  river.  To  illus- 
trate this,  let,  in  the  subjoined  plan  (fig.  180),  a,  a,  represent 

Fig.  180. 


•\ 


some  arm  of  a  tidal  sea,  such  as  is  to  be  found  in  many  parts 
of  the  world,  and -ft  a  submarine  bank,  in  part  formed  by 
the  check  ^ven  to  on-shore  waves,  stirring  up  detritus  sea- 
ward, in  part  by  drifts  produced  by  prevalent  winds,  as  in  the 
manner  previously  pointed  out  (p.  63,  fig.  50),  and  in  part  also 
from  some  check  pven  to  the  outflow  of  the  ebb  tide  carrying 
detritus  brought  down  by  feeding  rivers  ^,  f,  in  seasons  of 
flood,  where  it  reached  the  general  coast  line.  Submarine  bars 
of  this  kind  are  far  frx)m  uncommon.     Upon  the  elevation  of 
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such  a  coast,  so  that  its  previous  line,  m,  m,  becomes  shifted  to 
tiytij  a,  low  piece  of  ground,y,y^  of  a  breadth  depending  upon 
its  shallowness  beneath  the  former  relative  sea  level,  and  its 
general  slope,  it  might  extend  to  a  consderable  distance  out- 
wards, the  surplus  river  waters  finding  their  way  as  a  river,  r, 
amid  the  new  low  ground,  to  the  sea  at  o,  o,  lakea  at  the  out- 
skirts of  mountainous  countries,  bounded  by  low  ground  at  their 
outlets,  this  low  ground  continuing  to  some  neighbouring  sea, 
would  often  appear  to  have  been  thus  produced.  In  like  manner 
numerous  rivers  of  conaderable  size  would  have  th^  lower 
portions  converted  into  lakes,  their  present  bars  (p.  89)  with 
much  of  an  adjoining  shallow  sea  bottom  being  upraised,  so  that 
the  river  formed  a  new  channel  between  the  old  bar  and  the 
new  coast  line,  where,  assuming  conditions  to  be  still  similar,  a 
new  bar  would  be  formed,  and  the  spread  of  water  behind  the 
old  bar  might  continue  as  a  kind  of  lake  until  filled  by 
detritus,  its  wa):ers,  after  the  change,  becoming  gradually  fresh 
from  the  absence  of  the  daily  inflow  of  the  sea  upon  the  flood 
tide.  These  and  other  modifications  of  coasts  by  an  elevation 
of  land,  some  on  the  small  and  others  on  the  large  scale,  will 
readily  be  seen  by  an  inspection  of  the  charts  of  various  parts 
of  the  world,  whereby  it  will  be  found  that  lakes  would  be  the 
frequent  consequence  of  these  changes,  especially  upon  moun- 
tainous shores,  where  the  continuations  of  many  valleys  are 
beneath  the  sea  level,  and  where,  at  their  termination  seaward, 
the  bottoms  become  somewhat  raised,  forming  more  of  a  portion 
of  a  general  slope  in  connexion  with  the  adjoining  sea  bottom 
than  with  the  arm  of  the  sea  continued  inwards. 

The  production  of  the  lakes  on  the  outskirts  of  mountainous 
districts,  in  the  manner  last  mentioned,  would  often  seem  to 
involve  the  necessity  of  a  previous  submergence  of  a  portion  of 
the  same  region  beneath  the  sea  level,  the  arms  of  the  sea  being 
mere  continuations  of  that  level  amid  depressed  land.  Whoi 
such  a  submergence  happens — and  there  can  be  littie  doubt  that 
it  has  often  done  so  during  the  lapse  of  geological  time — the  filling 
up  of  the  submerged  portions  of  such  valleys  will  be  modified 
according  as  the  land  may  be  situated  in  a  tidal  or  tideless  sea. 
[n  the  one  case  there  would  generally  be  estuaries  and  their 
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results  (p.  88),  in  the  other  the  mere  discharge  of  detritus 
outwards,  much  as  at  the  head  of  lakes,  due  allowance  being 
made  for  the  mode  in  which  river  waters,  bearing  detritus  in 
mechanical  suspension,  may  flow  over  the  sea  water  in  such  situ- 
ations (p.  72). 

We  have,  while  noticing  the  accumulation  of  beaches  (p.  65), 
the  condition  of  estuaries  (p.  67),  the  preservation  of  footrprints 
(p.  149),  coral  reefs  and  islands  (pp.  225,  231),  distribution  of 
erratic  blocks  and  superficial  gravels  (pp.  296,  299,  303,  330), 
ossiferous  caves  (p.  352),  and  the  uplifting  of  the  subaqueous 
parts  of  volcanos  (p.  450),  been  compelled  to  mention  some  of 
the  effects  which  would  be  produced  by  the  elevation  and 
depression  of  land  above  or  beneath  the  sea,  and  even  to  advert 
to  the  material  changes  which  would  be  produced  by  the 
depression  of  the  Isthmus  of  Panama,  and  the  elevation  of  the 
sea  bottom  between  the  north  coast  of  Australia  and  the  Malayan 
peninsula  (p.  157).  The  effects  thus  caused  have  to  be  more 
or  less  regarded  with  respect  to  the  mineral  and  fossiliferous 
accumulations  of  all  geological  periods  to  which  the  modifica- 
tions and  changes  now  in  progress  on  the  earth's  surface  are 
applicable. 

As  with  an  elevation  of  the  dry  land  above,  so  with  its  depres- 
sion beneath  the  sea,  the  steepness  or  gently-sloping  character 
of  the  mineral  mass  moved  has  to  be  didy  regarded.  While 
amid  a  mountainous  region  the  depression  of  the  land  for  about 
200  or  300  feet  may  merely  somewhat  more  intermingle  the 
sea  with  the  land,  arms  of  the  sea  extending  further  into  the 
country,  the  same  depression  in  lower  lands  may  cover  whole 
districts,  the  tops  of  some  higher  grounds  only  rising  as  scattered 
islands  amid  a  widespread  sea.  The  effects  produced  in  one 
region  would  form  no  measure  of  those  following  such  a  depres- 
sion (in  a  geological  sense  of  a  very  minor  kind)  in  another. 
The  change  might,  indeed,  so  far  affect  a  mixed  region  of 
mountains  and  low  plains,  that  some  old  state  of  things  may 
often,  to  a  certain  extent,  be  reproduced,  the  mountains  forming 
islands,  or  groups  of  islands,  in  a- part  of  the  ocean,  and  so  that 
ravages  on  their  flanks  from  heavy  breaker  action  are  recom- 
menced.   While,  in  the  one  case,  the  area  occupied  by  terres- 
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trial  life,  animal  and  vegetable,  was  oomparatiyely  litde  dr- 
cumscribed,  in  the  other,  large  tracts  would  be  laid  waste,  and 
many  a  plant  and  animal,  pecaliar  to  the  low  districts,  mi^t, 
under  certain  conditions,  be  entirely  swept  away. 

Whether  we  contemplate  the  submergence  of  a  large  area 
of  dry  land  much  intermingled  with  lakes,  such  as  Northern 
America,  partly  overspread  by  deserts,  such  as  portions  of  Africa 
and  Asia,  or  under  an  ordinary  condition  of  the  growth  of  trees 
and  other  terrestrial  plants,  and  an  adjusted  distribution  of  ani- 
mal life,  there  would  appear  few  geological  changes  so  effisctive 
in  bringing  deporits  marked  by  dissimilar  organic  remains  into 
contact,  than  such  submergendes.  Even  horizontal  or  nearly 
horizontal  accumulations  may  be  thus  superimposed,  after  the 
lapse  of  considerable  intervals  of  geological  time,  should  one 
sea  bottom  have  been  long  horizontally  raised  above  water 
until  a  change  in  the  relative  levels  of  sea  and  land  in  that 
area  produced  the  conditions  for  its  submersion  and  subsequent 
covering  by  new  deposits.  Under  such  circumstances  it  may 
require  some  caution  on  the  part  of  the  observer  not  to  con- 
clude that  the  two  kinds  of  sea  bottom  have  not  succeeded  each 
other  quietly  beneath  the  sea.  If  any  low  region  be  regarded 
with  reference  to  the  effects  which  might  be  produced  during 
its  tranquil  submergence,  such,  for  example,  as  where  wide 
tracts  of  sand-hills  border  such  a  district,  it  will  be  obrioua 
that  these  latter  would  soon  disappear  before  the  action  of  the 
sea,  and  be  readily  spread  over  the  low  grounds  inland  as 
these  became  depressed.  As  the  land  descended,  its  sur&ce 
would  be  acted  upon  by  the  sea,  the  loose  and  lighter  parts 
readily  taken  up  and  removed,  to  be  deposited  elsewhere  in 
fitting  situations  according  to  drcumstances,  the  larger  and 
harder  parts  often,  as  it  were,  sifted  from  the  finer  and  lifter, 
and  occasionally  enveloped  by  new  detritus  not  &r  distant  from 
their  places  of  first  accumulation.  When  a  geologist  considers 
the  decomposition  of  the  surfaces  of  ancient  and  upraised  sea 
and  lake  bottoms,  forming  soils,  and  the  frequent  dispendwi 
of  their  organic  contents  either  in  these  soils  or  subjacent  de- 
composed rocks,  he  will  perceive  that,  under  favourable  ocm- 
litions,  these  remains  may  sometimes  be  preserved  with  little 
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injury,  and  be  mingled  with  those  of  the  animal  life  introduced 
over  the  old  land  surlace  by  the  new  submergence  beneath  the 
sea.  The  lower  part  of  the  new  accumulations  and  the  upper 
8ur£GU»  of  the  old  deposits  may  thus  become  mixed,  and  lead, 
without  due  care,  to  the  supposition  that  the  two  were  marked 
by  a  passage  of  the  organic  remains  found  in  the  one  into  the 
other.  This  is  no  useless  caution,  as  the  obserrer,  when  study- 
ing the  effects  produced  during  the  submergence  of  some 
ancient  land,  will  have  occasion  to  remark.  Some  good 
examples  of  weathered  fossils  of  the  carboniferous  limestone, 
even  so  much  so  as  to  be  completely  detached,  may  be  seen 
in  the  dolomitic  or  magnesian  limestone  deposits  (of  the  new 
red  sandstone  series)  in  Somersetshire,  Gloucestershire,  and 
Glamorganshire,  and  these  might  readily,  without  due  care,  be 
couffldered  as  organic  remains  of  the  later  geological  time.  It 
is  as  if,  after  abetractbg  the  turf  or  soil  covering  the  cai^ 
boniferous  limestone  of  a  district,  and  the  quiet  removal  of  the 
intermingled  earth  in  place,  a  deposit  of  magnesio-calcareous 
matter  was  thrown  down  from  solution  amid  the  fossils  and 
fragments  of  the  older  rock.  The  fitting  of  depoedts  of  this  kind 
into  the  inequalities  beneath  is  well  shown  in  the  district  to  which 
allusion  has  been  made,  and  may  be  illustrated  by  the  fol- 
lowing section  (fig.  181),  seen  at  Pen  Pack,  north  of  Bristol, 

Fig.  181. 


where  the  dolomitic  or  magnesian  limestone,  6,  rests  upon 
the  edges  of  upturned  beds  of  carboniferous  limestone,  a,  a, 
into  tiie  superficial  iuequalities  and  interstices  of  which  it 
enters,  covering  up  blocks  of  the  same  rock,  c,  reposing  on  the 
Sfarbce  before  the  deposit  of  the  newer  rock.  In  such  locali- 
ties, the  weathered  portions,  including  fossils,  of  the  subjacent 


574    VARIABLB  EFFECTS  FROM  THE  SUBMERGENCE  OF 

rock  may  sometimes  be  found  penetrating  or  intermingled  with 
the  subsequent  accumulations,  occasionally  marking  a  state  of 
much  tranquillity,  and  as  if  an  overspreading  depodt  had  been 
effected  on  an  old  surface  of  land  which,  in  favourable  localities, 
had  not  been  much  subjected  to  breaker  action,  rounding  the 
fragments  and  destroying  the  old  weathered  surface  of  tbe 
rock. 

That  a  mixture  of  the  organic  remains  of  former  geolo^cal 
times  with  those  of  molluscs  and  other  marine  animals^  the 
species  of  which  at  present  exist  in  the  seas  adjoining,  is 
now  taking  place,  a  walk  along  many  a  coast  will  show, 
shells  especially  being  seen  washed  out  of  sands  and  clays 
forming  the  clifls,  and  being  mixed  with  those  now  cast  on 
shore.  We  are,  therefore,  well  prepared  to  expect  that  when, 
during  a  submergence  of  dry  land,  the  loose  surfiEu^es  of 
ground,  with  distributed  organic  remains,  are  exposed  to 
similar  action,  the  results  will  be  the  same,  with  this  difference, 
that  while,  on  an  exposed  coast,  the  ancient  and  modem 
organic  remains  may  often  be  all  ground  down  together  into 
one  common  mass,  in  a  submerging  land,  more  sheltered  loca- 
lities may  frequently  present  themselves  where  the  ancient 
organic  remains  may  be  more  quietiy  sifted  out  of  the  loose 
earthy  matter  surrounding  them,  and  be  intermingled  with  tbe 
exuviae  of  animals,  the  habits  of  which  lead  them  to  prefer 
equally  tranquil  situations. 

Fully  to  appreciate  the  varied  geological  effects  which  may 
be  produced  by  the  submergence  of  differentiy  circumstanced 
dry  land,  it  may  not  be  uninstructive  for  the  observer  to  con- 
sider those  which  would  follow  the  re-establishment  of  the  sea 
over  the  many  thousand  square  miles  now  occupied  by  tbe 
great  desert  or  deserts  of  Northern  Africa,  Sahara  and  others. 
Judging  from  such  observations  respecting  the  heights  of  parts 
of  these  deserts  as  appear  deserving  of  credit,  a  submergence  of 
the  kind  mentioned  as  probable  for  the  British  Islands  during 
the  inferred  cold  period  preceding  the  present  state  of  that  area, 
namely,  from  1200  to  1500  feet^  would  place  at  least  a  large 
portion  of  them  beneath  a  continuation  of  the  Atlantic.  As 
the  sea  moved  inwards,  according  to  its  level,  however  this 
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might  present  itself  with  respect  to  the  variation  from  horizon- 
tality,  wholly  or  partially,  of  the  submer^g  land,  the  sifting 
of  hard  and  coarser  parts  firom  the  lighter  and  softer  would  be 
effected,  and  thus  the  remains  of  men,  camels,  and  the  ordinary 
desert  animals,  here  and  there  mingled  with  the  additions  to 
the  former  which  the  oases  produce,  might  be  mingled  with 
those  of  the  marine  animals  introduced  with  the  sea  as  it 
advanced  over  the  land.  Should  there  still  be  organic  remains 
amid  the  sands  of  the  deserts,  entombed  when  the  whole  had 
previously  been  beneath  water,  these  also  might  be  mixed 
with  the  animal  exuviae  of  the  new  sea-bottom. 

When  we  connder  the  depression  of  land  occupied  by  many 
and  perhaps  great  lakes,  such  as  those  in  North  America,  the 
.  amount  of  submergence  more  in  one  part  of  the  general  area 
than  in  another  has  to  be  didy  regarded;  as  also  the  consequent 
different  conditions  under  which  these  bodies  of  fresh  water 
may  be  placed.  While  the  progress  of  depression  may  in 
some  cases  be  such  that  the  outflowing  waters  were  gradually 
shortened  in  their  courses,  until  the  time  arrived  when  the  sea 
entered  into  the  lakes,  a  mere  overtopping  of  the  fresh-water 
basin  being  accomplished ;  in  others  the  unequal  tilting  of  the 
ground  may  have  occurred  so  that  the  sea  was  introduced  and 
covered  a  deeper  portion  of  the  lake  basin  in  one  direction 
than  in  i^nother.  Inferring  the  usual  mode  of  distribution  of 
matter  by  the  combination  of  wind-wave  action  beneath  the  sea 
at  the  proper  depths,  and  breaker  action  on  the  shores,  with  the 
effects  of  tidal  streams  in  tidal  seas,  the  accumulations  might 
BO  &r  differ  under  these  conditions  that  while,  in  both  instances, 
the  animal  life  gradually  became  adjusted  to  the  sea,  the  greater 
part,  if  not  the  whole,  of  the  previous  deposits  in  the  simply 
overtopped  lake  might  be  preserved  and  be  covered  by  the 
brackish  water,  and  finally  by  the  marine  accumulations.  The 
unequally-tilted  lake  banks  might  permit  a  part  of  the  older 
deposits  to  be  so  exposed  to  breaker  action  that  they  were  par- 
tially removed,  the  component  mineral  matter  and  its  organic 
contents  partially  also  rearranged  with  the  new  accumula- 
tions. If,  during  a  re-establishment  of  part  of  North  America 
beneath  the  sea,  it  so  occurred  that  lakes  Erie  and  Ontario 
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were  depressed  more  rapidly  than  lakes  Huroiiy  Mldbigaii,  and 
Superior,  the  sea  finally  overspreading  the  whole,  the  relative 
positions  of  the  lakes  to  the  direction  of  the  greatest  depresrian 
would  much  influence  the  results.  Lakes  Erie  and  Ontario 
would  present  their  breadths  to  the  movement,  while  lakes 
Michigan  and  Huron  would  be  acted  upon  in  their  lines  of 
length,  Lake  Superior  presenting  a  more  complicated  form. 
Under  such  a  movement,  the  entrance  of  the  sea  would  neces- 
sarily depend  upon  the  varied  surface  and  levels  for  the  time 
opposed  to  it;  but  it  may  readily  happen  that  while  lakes 
Ontario  and  Erie  were  beneath  the  sea,  and  Lake  Huron 
brackish  water,  Lake  Superior  might  continue  as  fresh  water, 
the  contemporaneous  deposits  in  each  containing  the  remains  of 
animals  capable  of  living  in  the  various  kinds  of  water  respect- 
ively, such  of  the  original  lacustrine  creatures  remaining  in  the 
brackish  water  as  could  adjust  themselves  to  it,  mingled  with 
those  marine  animals  which  could  support  life  under  the  same 
conditions,  the  terrestrial  vegetation  drifted  into  all  the  depo- 
sits being  of  the  same  general  kind. 

While  the  remains  of  drifted  terrestrial  plants,  hugeorsmaU, 
may  not  give  very  exact  information  as  to  the  area  occupied  by 
dry  land,  whence  they  have  been  derived,  since  they  could  have 
floated  from  considerable  distances  (p.  144),  according  to  the 
currents  of  particular  geological  times,*  where  these  remains 
occur  eitiier  in  their  pkces  of  growth,  or  so  that  we  may  rij^tly 
conclude  that  they  have  not  been  removed  far  fi*om  them,  they 
become  important.  Those  deposits  of  vegetable  matter  inter- 
stratified  with  shales,  sandstones,  and  conglomerates,  which 
occur  in  a  particular  portion  of  the  geological  series  of  accu- 
mulations in  Europe  and  America,  and  to  which  the  term  cod 
measures  has  been  assigned,  from  abundantiy  furnishing  tiie 
fuel  which  has  become  so  important  to  the  progress  of  dviliza- 
tion,  aflS^rd  the  observer  the  means  of  inferring  the  existence  of 
land  in  particular  portions  of  the  northern  hemisphere  at  that 
time.     When  carefully  examined,  a  large  proportion  of  the 

*  The  Gulf  Stream,  as  before  pointed  out,  is  an  excellent  example  of  a  body 
of  water  capable  of  transporting  the  vegetable  products  of  the  tropica  to  the 
temperate  regions  of  the  north  across  an  ocean. 
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coal  beds  have  been  found  in  the  British  Islands  (and  the  evi- 
dence wonld  also  appear  to  justify  similar  conclusions  in  many 
other  countries),  resting  upon  beds  immediately  beneath,  in 
which  the  roots  of  particular  plants  are  found  to  extend  in  a 
manner  showing  that  these  are  actually  in  tlieir  places  of  growth, 
as  respects  the  beds  of  mineral  matter  containing  them.  These 
roots  were  at  one  time  considered  as  separate  plants  {Stigma- 
rid)^  but  now,  from  the  researches  of  Mr.  Binney  and  other 
geologists,  it  seems  established  that  tliey  belong  to  other  plants 
(Siffillariay  if  not  also  to  other  genera).  Wifli  this  advance  of 
knowledge,  we  find  that  great  sheets  of  vegetable  matter  were 
based  upon  a  mud  or  silt,  in  which  the  amount  of  arenaceous 
matter  varied  considerably  in  difierent  situations,  even  in  the 
prolongation  of  the  same  bed,  and  that  into  this  mud  or  silt  the 
roots  of  at  least  some  of  the  plants  of  the  time  and  locality 
spread  as  in  ground  for  which  they  were  suited. 

Upon  still  further  investigation,  it  has  been  found  that  roots 
of  this  character  are  to  be  seen  attached  to  stems  of  plants 
still  vertical,  or  nearly  so,  to  the  beds  of  shale  or  sandstone 
(formerly  mud,  silt,  or  sand),  in  which  they  are  enclosed. 
Though  the  attachment  of  such  roots  may  be  rarely  seen,  the 
examples  of  vertical  stems  of  plants,  apparently  in  their  places 
of  growth,  are  sufficiently  common,  so  much  so  that  if  certain 
parts  of  the  coal  measures  of  the  British  Islands  could  have  the 
detrital  matter  removed,  various  and  extensive  areas  would  be 
found  covered  by  the  stumps  of  plants  in  such  positions.  These 
stumps  are  so  numerous  in  the  ordinary  detrital  deposits  re- 
posing on  some  coal  beds,  that  they  become  dangerous  in  the 
collieries,  (unless  great  care  be  taken  in  the  works,)  from  being 
merely  sustained  aloft  by  the  coaly  matter  representing  the 
former  outer  portion  of  the  plants,  so  that  when  this  is  insuffi- 
cient to  retain  them,  they  fall  on  the  heads  of  the  miners.  The 
following  sketch  (fig.  182),  at  Cwm  Llech,  towards  the  head  of 
the  Swansea  valley,  Glamorgainahire,*  may  serve  to  illustrate 
the  manner  in  which  these  plants  may  sometimes  be  exhibited, 


*  Made  by  Mr.  Logan,  by  whom  and  the  author  the  locality  was  carefully 
examined.  The  stems  were  sabseqaently  removed  to  the  Boyal  Institution  of 
South  Wales,  at  Swansea,  where  they  now  are. 


rk 
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in  quaniea  or  natural  cliflfe,  riang  amid  the  beds  whkb  haie 

enrebped  them  in  their  places  of  growth.    The  largest  <rf  the 

two  stems  was  b^  feet  in  circumference.     The;  merely  fimned 

ng.  i8i. 


a  part  of  a  surface  more  or  less  corered  by  stems  of  this  kind, 
as  others  were  to  be  seen  in  fflmilar  podtirais  in  the  same  bed  of 
rock  higher  up  in  the  same  valley.  Upon  nncoTering  a  dtale 
beneath  the  saudstooe,  in  which  these  plants  {Siffillariai)  stood, 
au  abundance  of  fern  leaves,  and  fragments  of  other  plants,  con< 
monly  seen  in  these  deports,  were  found  (Ustributed  around  in 
the  same  manner  as  leaves  and  other  parts  of  plants  may  be 
di^raed  around  stems  of  trees  in  muddy  places  at  the  ]x<e- 
aent  day. 

It  sometimes  happens  that  the  vertical  stems  oi  the  plants 
rise  through  di&erent  itinds  of  beds,  the  compooent  parts  of 
which  accumulated  around  them,  while  the  vegetable  matter 
still  held  together.  The  following  (fig.  183)  is  an  example  of 
this  kind,  as  it  was  exhibited  at  the  Kilhngworth  CoUiety, 
Newcastle  district  In  this  section  a  represents  the  lugfa  main 
coal  of  the  district,  b  ar^pllo-bituminous  shale  (formerly  car- 
bouaceous  mud),  c  blue  shale  (mud  or  clay),  d  compact  sand- 
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stone  (sand),  e  alternating  shales  and  standstones  (beds  of  mud 
and  sand),  k  white  sandstone  (clean  sand),  i  micaceous  sand- 
stone (sand  with  mica),  and  k  shale  (mud  or  clay).     In  such 

Fig.  18.1. 


cases  various  changes  were  effected  in  the  kind  of  mineral  matter 
transported  to  and  deposited  amid  the  vegetation  there  standing. 
Though  we  do  not  know  the  extent  to  which  such  plants  may 
have  been  covered  up  "before  they  died,  an  attentive  study  of 
the  mode  in  which  the  mud,  silt,  or  sand  has  been  accumulated 
round  the  stems  often  shows  the  observer  that  the  water  bearing 
or  moving  the  detritus  was  very  shallow.  Around  the  stems  at 
Cwm  Llech  (fig.  182),  the  laminae  of  the  sandstone  were  so 
arranged  as  forcibly  to  suggest  that  they  represented  the  wash- 
ing up  of  sands  around  the  plants  in  shallow  water  agitated  by 
slight  waves.  Such  an  arrangement  may  frequently  be  seen,  as 
also  occasionally,  when  the  stems  are  carefully  uncovered,  an 
adjustment  of  the  laminse  of  the  original  sand  or  silt,  in  a 
manner  pointing  to  the  passage  of  a  slight  current  of  water  by 
them.  When  this  can  be  found,  the  direction  whence  the  current 
came  may  be  infeired  by  the  position  of  the  laminae  marking 
the  place  of  the  eddy,  behind  the  stems. 

From  the  manner  in  which  these  vertical  stems  are  so  fre- 
quently terminated  upwards,  it  would  appear  that  while,  for  a 
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time,  their  lower  portions  coatinaed  to  resist  the  [K^ssure  botb 
of  the  water  in  whidi  they  were  immersed,  and  the  gradually' 
accumiilaring  detritns  borne  (h-  diii^  by  it,  their  tope  became 
decayed,  and  were  remoTed,  so  that  finally  sheets  of  detritus 
luUDtermptedly  ^read  over  the  localities  where  such  plants 
may  hare  grown.  We  seem,  indeed,  to  have  eTidenec  in  the 
mamier  in  which  so  many  of  these  stems  have  been  filled  with 
mud,  ult,  sand,  and  the  remans  of  other  plants,  that  before 
sach  sheets  of  continuous  detritus  were  spread  over  their  tops, 
they  were  hollow,  like  so  many  open  and  vertical  tubes,  in 
which,  when  overti^iped  by  waters  bearing  detrital  matter, 
and  the  leaves  and  fragments  of  plants,  these  were  deposited  in 
the  same  way  that  sediment  and  the  remams  of  vegetation  are 
accumulated  in  the  hollows  of  upri^t  and  decayed  or  broken 
stems  of  bamboos,  and  other  plants  on  the  side  of  rivers,  or 
amid  low  grounds,  during  and  upon  the  subsddence  of  floods. 
That  the  interior  and  exterior  deposits,  in  and  around  the  ver* 
tical  stems  are  not  the  same,  different  minor  layers  b^og  found 
in  the  stems  not  corresponding  with  those  outade,  may  often  be 
seen,  as  ^wn  in  the  annexed  section  (fig.  184),  where  a  stem. 
Fig.  184, 


a,  a,  covered  by  a  sandstone  bed,  b,  is  surrounded  by  other 
sandstones,  c,  c,  c,  interstratified  with  shales,  d,  d,  their  lines  of 
deposit  abutting  against  the  stem,  the  only  remains  of  which 
are  usually  tbrmed  of  cobI  from  half  an  inch  to  two  inches  in 
thickness,  according  to  the  size  of  the  plant,  in  the  insde  of 
which  other  layers,  e,  e,  of  shale  and  sandstone,  with  or  without 
leaves  of  fern  or  other  plants,  occur  amoged  in  a  manner  show- 
ing that  they  were  accumulated  independently  of  those  outside. 
Strewed  amid  the  same  accumulations  (those  of  the  coal 
measures),  prostrate  stems,  sometimes  measuring  thirty  feet  in 
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length,  and  of  proportionate  breadth,  considered  by  botanists  to 
be  of  the  same  and  similar  genera,  aud  frequently  even  species 
as  those  found  vertical,  would  often  appear  to  show  that  they 
have  not  undergone  violent  transport  in  waters,  being  so  little, 
if  at  all,  injured.  Indeed,  occurring,  as  they  sometimes  do, 
among  the  stumps  of  stems,  these  apparently  in  the  positions  in 
which  they  grew,  they  far  more  resemble  those  prostrate  trees 
found  amid  the  stumps  of  the  rooted  trees  in  the  ^*  subma< 
rine  or  sunk  torests"  (p.  516).  In  some  collieries  an  observer 
may,  as  it  were,  see  beneath  such  an  accumulation  of  plants  in 
muddy  ground,  the  ends  of  the  upright  stumps,  like  so  many  irre- 
gular rings,  scattered  over  head,  the  long  prostrate  stems  strewed 
among  them,  and  a  multitude  of  ferns  of  various  kinds,  Lepi- 
dodendra^  and  other  plants  matted  together,  the  whole  present- 
ing the  appearance  of  a  growth  of  plants  in  soft  or  wet  ground, 
if  not  shallow  water,  mud  mingled  with  various  portions  of 
them.  Often  the  plants  appear  to  have  partly  grown  in  the 
same  locality,  and  partly  to  have  been  drifted  into  it,  sometimes 
firom  an  adjoining  situation,  at  others  from  more  distant  places. 
While  areas  of  fair  size  are  known  by  colliery  workings  to 
have  had  numbers  of  vertical  stems  tranquilly  covered  over  by 
detrital  matter  on  a  particular  geological  plane,  so  that  a  forest 
of  this  kind  of  vegetation  has  been  contemporaneously  entombed, 
it  sometimes  occurs  that  there  is  good  evidence  of  similar 
conditions  having  produced  similar  results  more  than  once  over 
the  same  area.  Of  the  facts  brought  to  light  on  this  head, 
though  it  may  be  well  known  in  many  coal  districts  that  ver- 
tical stems  of  plants  are  found  at  more  than  one  geological 
level,  the  occurrence  of  one  series  of  vertical  stems  above  others 
seems  to  havp.  been  hitherto,  in  no  artificial  or  natural  sections, 
better  exhibited  than  in  the  coal  districts  of  Nova  Scotia  and 
Cape  Breton,  where  several  of  these  planes  of  vegetation,  the 
stems  of  plants  still  standing  in  their  places  of  growth,  are  seen 
above  each  other.  Sir  Charles  Lyell  describes  ten  forests  of 
this  kind,  as  occurring  above  each  other,  in  the  clifls  between 
Minudie  and  the  South  Joggins,  at  the  head  of  the  Bay  of 
Fundy.  The  thickness  of  the  mass  of  beds  containing  the 
upright  stems  is  estimated  at  about  2,500  feet,  and  the  usual 
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apparently  25  feet  high  and  four  feet  in  diameter,  witb  a  caeat- 
siderable  bulge  at  the  base.     All  these  stems  appeared  to  be  of 
Fig.  IBS.  the  same  q>ede8.*    We  are  indebted 

'     also  to  Mr.  Logan  for  a  very  detailed 
account  of  these  coal  measures.     In 
his  description  of  the  Sydney  coal- 
field. Island  of  Cape  Breton,!  Mr. 
Bichard  K^wn  notices  many  u]Higl>t 
stems    of  plants    in    difierent    beds. 
AmiHig  the  sections  giroa  the  annexed 
(fig.  185),  will  be  usefii],  as  showii^ 
this  occurrence  of  many  vertical  stems 
above  each  other.}    Id  it,  a  repre- 
sents sandstones,  b  shales,  c  coal,  and 
t     (f  the  beds,  usually  argillo-arenaceous, 
in  which  the  roots  (Sti^nutria)  are  in 
,^    their  positions  of  growth.     The  total 
tlucknees  of  the  depoats  amonnts  to 
92  feet,  and  in  it  occur  four  planes 
of  upright  stems,  the  second  showing 
di^rent  levels  of  growth  in  it,  and 
^     six  ancient  soils,  surmounted    by  as 
'     many  seams  or  beds  of  coal  of  very 
diflerent  depths,  the  moat  conaderable 
being  six  feet,  and  tiie  least  seam,  ose  of  mere  oarbonaceoos 
matter,  one  half-inch  thick. 

It  will  no  doubt  at  once  suggest  itself  to  the  observer  that 
such  accumulations  of  mud,  silt,  sand,  and  sometimes  gravel, 


•  Ljell,  «  Trav«l>  in  North  Ammta,'  vol.  i1.,  pp.  179-188. 

t  Brown,  "  Section  of  Iht  Lover  Cial  MeaiurM  of  the  Sjdaej  Co«]  Field, 
in  the  leluid  of  Cape  Bretoo  "  (Quarterly  Journal  of  the  Geolc^cal  Societj  of 
London,  vol.  v'y,  p.  115).  After  adverting  to  the  descriplions  of  the  ea«I 
measnres  of  Nora  Smtis  b7  Sir  Charlei  Lyell  (TraTelB,  fto.),  and  bj  Mr. 
Logan  (SectiOT  of  the  Not»  Scotia  Coal  Meamre*  at  the  Joggiu),  llr.  Brown 
ertinutei  the  prodoctiTe  ooai  measares  of  Cape  Breton  at  more  than  lOfioa 
fbet  in  thiduKM.  The  Sydnej  portion,  dewribad  in  thii  commnnicstion,  wm, 
hj  meunrement,  1,S60  ttet  thick.    The  dip  ii  mentioDed  aa  at  an  angte  of  7°. 

I  In  tbia  iectioD  Ilie  beds  are  reduced  to  horizautaljty,  and  are  oo  a  propor- 
tional icale,  the  relative  thioknen  of  the  beds  being  taken  fh>m  th«  detailed 
deeeription  of  them  b;  Mr.  Richard  Broirn  (Joamal  of  the  Geological  Societ;, 
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intenningled  with  layers  of  fossil  Tegetation,  these  layers  based 
upon  a  soil,  probably  moist  or  wet,  in  which  the  roots  of  certain 
plants  freely  grew,  while  vertical  stems  occurred,  as  much  some- 
times as  15  or  20  feet  high,  and  two  to  four  feet  in  diameter, 
even  planes  of  these  old  forests  being  found  above  each  other  in 
limited  sections,  must  have  been  gradually  submerged,  so 
that,  at  intervals,  the  soil  was  sufficiently  exposed  to,  or  near 
the  atmosphere,  that  the  plants  entombed  amid  them  could  come 
under  their  proper  conditions  of  growth.  A  trough  or  other 
cavity,  or  slightly-inclined  plane  of  shore,  gradually  filled  up 
to  the  level  of  the  atmosphere,  would  only  give  one  layer  of 
vegetaticxi,  whereas,  in  some  coal  districts,  where  the  seams  of 
coal  are  reckoned  with  the  soils  on  and  in  which  their  constituent 
plants  grew^  50  or  more  intervals  for  growth  may  have  to  be 
accounted  for.  A  submergence  of  the  ground  on  which  the 
plants  flourished,  so  that  at  times  the  mud,  silt,  or  sand  of  the 
time  accumulated  at  a  greater  rate  than  this  submergence  could 
keep  them  beneath  the  level  of  water,  or  during  which,  though 
the  descent  of  the  land  may  have  been,  as  a  whole,  constant, 
there  were  minor  amounts  of  movement,  by  which,  after  a 
subaqueous  area  had  been  filled  up  to  the  atmosphere,  there 
were  pauses  when  the  plants  could  grow,  would  alike  appear 
to  explun  the  facts  observed.  The  section  of  the  1,860  feet 
in  which  the  upright  stems  of  the  Sydney  beds  (Cape  Breton) 
occur,  shows  that  there  were  more  than  40  periods  in  the 
general  descent  of  the  mass  when  there  were  soils  in  which  the 
roots  {Stigmaria)  of  the  plants  of  the  time  and  locality  found 
their  needful  conditions  for  growth,  those  for  the  accumulation 
of  the  vegetable  matter  above  them  having  varied  materially.* 

*  The  detail  of  the  general  mass  is  thus  snsimed  ap  by  Mr.  Brown : — 

Feet.     In. 

Arenaoeous  and  argillaceous  shales  •                 •  1  >  127  S 

Bituminous  shales 26  5 

Carbonaeeous  shales 3  3 

Sandstones 562  0 

Conglomerate 0  8 

limestone     .        .        .         .     '  .  3  11 

Coal 37  0 

Underdays 99  6 

Total    .         •     1,860    0 
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When  we  turn  to  the  sections  of  the  European  coal-fields  of  this 
kind,  similar  evidence  presents  itself.*     In  the  section  of  the 
Bristol  coal  measures  between  the  Avon  and  Cromhall  Heath, 
there  were  no  less  than  50  periods  during  which  the  conditions  for 
soils  obtained,  and  roots  {Stiffmarid)  were  freely  developed  in 
them,  these  soils  topped  by  a  growth  and  accumulation  of  plants, 
apparently  requiring  contact  with  the  atmosphere   for  their 
existence.     The  general  thickness  of  that  series  is  about  5,000 
feet,  and  it  is  based  upon  an  accumulation,  chiefly  sandy,  about 
1,200  feet  thick.     The  Glamorganshire  coal-field  ^ves  a  still 
greater  deposit  of  mud,  silt,  sand,  and  gravel,  intermingled 
with  soils  in  which  roots  of  some,  at  least,  of  the  plants  of  the 
time  spread  out  freely,  most  frequently,  though  not  always, 
covered  by  beds  or  seams  of  coal,  the  thickness  of  which  neces- 
sarily depended  upon  the  duration  of  the  conditions  needful 
for  the  growth  and  accumulation  of  their  component  plants. 
The  mass  of  these  various  beds  in  the  neighbourhood  of  Swan- 
sea may  be  estimated  at  about  11,000  feet;  so  that  if  accumu- 
lated by  subsidence,  horizontal  beds  piled  on  each  other,  it 
would  have  to  be  inferred  that  in  this  part  of  the  earth *s  sur- 
face, and  at  that  geological  time,  there  had  been  a  somewhat 
tranquil  descent  of  mineral  deposits,  sometimes  capable  of  sup- 
porting the  growth  of  plants  requiring  contact  with  the  atmo- 
sphere, but  most  commonly  beneath  water,  for  a  depth  by 
which  the  first-formed  deposits  became  lowered  more  than  two 
miles  from  their  original  position.    It  may  be  inferred  that  this 
thickness  is  not  really  that  of  the  general  mass,  as  the  com- 
ponent beds  might  have  been  accumulated  one  against  each 
other,  as  happens  in  single  sandstone  and  conglomerate  beds 

From  this  it  would  appear,  that  while  the  calcareous  matter  (limestone), 
gravel  (conglomerate),  and  mud-mingled  organic  matter  (bituminous  andcar- 
bonaceous  shale),  were  of  little  importance,  the  mass  was  composed  of  silt  and 
mud  (arenaceous  and  argillaceous  shales),  and  of  sand  (sandstone),  the  former 
double  the  thickness  of  the  latter.  The  more  pure  vegetable  matter  (coal) 
amounts  to  about  ^th  part,  and  the  soils  (underclays)  to  somewhat  less  than 
Vgth  part. 

*  See  the  detail  of  the  coal-fields  of  South  V^ales,  Monmouthshire,  and 
Gloucestershire  (Vertical  Sections  of  the  Geological  Survey  of  Great  Britain, 
Sheets  l-ll X  and  descriptions  of  portions  of  the  same  districts  (Memoirs  <»f  tbt 
Geological  Survey  of  Great  Britain,  vol.  i.,  pp.  161-212). 
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(figs.  38, 57),  and  as  no  doubt  has  more  often  to  be  taken  into  ac- 
count than  it  has  been,  in  the  calculations  of  thickness.  It  may, 
however,  be  remarked,  that  in  these  coal  deposits,  where  planes 
of  vegetation  of  a  peculiar  kind  seem  so  frequently  to  have  been 
based  on  very  soft  soils,  and  the  whole  has  been  so  inter- 
mingled with  continuous  accumulations  of  mud,  that  the  general 
sections  appear  often  to  point  to  great  thickness,  more  particu- 
larly when  the  component  beds  are,  after  dipping  downwards, 
found  rising  with  similar  characters  at  a  considerable  distance, 
though,  no  doubt,  the  unevennessin  many  of  the  deposits  should 
be  well  considered,  and  the  probable  value  of  the  general  de- 
crease of  the  whole  thickness  from  such  causes  be  duly  esti- 
mated. 

Though  the  fine  mud  of  the  time  (now  argillaceous  shales), 
gives  little  information  as  to  deep  or  shallow  water  in  which 
it  may  have  been  deposited  from  mechanical  suspension,  the 
sandstones  of  the  coal  measures  very  frequently  show  that  they 
have  been  far  more  the  result  of  sands  drifted  along  the  bottom 
of  moving  water,  than  of  having  been  mechanically  suspended 
in  it.  Indeed,  the  accumulation  of  the  sands  is  much  that  which 
would  be  expected  from  a  pushing  forward  of  the  bottom  de- 
tritus into  a  shallow  depression,  where  the  conditions  may  have 
been  so  changed  by  alteration  of  levels  that  the  sand  of  a  higher 
atuation,  and  nearer  its  source  of  supply,  was  readily  transported 
into  it.     Sections  of  the  subjoined  kind  (fig.  186)  are  of  the 

Pig.  186. 


commonest  occurrence  in  many  parts  of  the  British  coal  mea- 
sures, and  they  would  appear  not  less  common  in  the  great  coal 
deposits  of  North  America  and  parts  of  Europe,  the  geological 
age  of  which  has  been  considered  somewhat  equivalent.  By 
careful  removal  of  the  upper  surfaces  of  these  beds,  the  over- 
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laps  of  the  differently-drifted  lamiiue  may  be  seen,  and  occt- 
nonally  still  better  in  coast  exposures.  Tbe  following  (fig.  187) 
is  a  sketch  *  of  the  upper  surface  of  a  bed  of  sandstone  ex- 
posed on  the  coast  near  Nolton  Haven,  Pembrokeshire,  showing 
the  different  margins  of  the  sand,  as  its  various  drifts  pro- 
ceeded. 

Fig.  187. 


An  observer  having  thus  obtained  evidence  of  the  apparent 
growth  and  accumulation  of  terrestrial  plants  in  place,  and  the 
rooting  of  at  least  some  of  them  in  soils  beneath  of  such  a  cha- 
racter that  fine  rootlets  could  spread  fireely  amid  their  parts, 
has  to  look  carefully  into  the  species  of  these  and  other  plants 
entombed  in  the  general  mass,  endeavouring  to  see  if  there  may 
not  be  some  drifted  amid  the  mud,  silt,  and  sands,  and  even 
included  among  the  coal  itself,  which  may  difler  fi*om  those  in- 
ferred to  have  grown  on  the  spot.  There  would  appear  much 
to  accomplish  on  this  head,  at  the  same  time,  however,  it  seems 
probable  that  while  some  plants  have  thriven  in  the  planes 
of  vegetable  matter  now  converted  into  coal,  others,  even  trees, 
have  been  borne  into  the  general  mass  of  vegetation,  by  water 
transporting  them,  as  many  a  river  now  does.  Matted  masses 
of  plants  are  often  discovered  among  the  sandstones,  as  if 
drifted  by  some  stream,  transporting  such  plants  on  its  surfiuse, 
while  it  pushed  onwards  the  sands  beneath  it,  streaks  of  such 


*  By  Profettor  John  PhUlipfl,  when  examining  that  part  of  Sooth  Waki 
with  the  author. 
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intermingled  regetat^on  sometitnes  extending  many  yards  in 
length,  and  occurring  amid  Bandstones,  the  component  sands  of 
which  have  been  thus  accumulated.  The  following  is  a  sketch 
(fig.  188)  of  the  upper  surface  of  part  of  one  of  these  TCge- 
table  drifts  at  Pembrey,  Caermarthenshire,  in  which  multitudes 
of  the  stems  of  SigiUari<B  and  Lepidodendra,  chiefly  the  fonner, 
and  now  converted  into  coal,  are  crossed  and  matted  together  in 
all  directions. 

Fig.  IBS. 


These  drifts  of  plants,  now  forming  streaks  of  coaly  matter 
in  the  sandstones  or  shales  including  them,  are  suffident  to 
show  that  though  numerous  coal  beds  may  be  the  result  of  tbe 
growth  of  a  peculiar  vegetation  in  place,  the  roots  of  which 
required  and  penetrated  a  suitable  soil  beneath,  it  might  so 
happen  that  extensive  and  deep  accumulations  of  drifted  plants 
may  wholly  form  coal  beds  under  favourable  circumstances, 
80  that  an  observer,  while  investigating  coal  deposits,  should 
carefully  weigh  any  evidence  of  this  kind,  as  well  as  that 
pointing  to  the  growth  of  plants  in  the  situations  where  thdr 
remains  now  constitute  coal.  The  two  modes  of  accumula- 
ti<m  are  by  no  means  incompatible  with  each  other.  On  tbe 
contrary,  they  may  be  often  intermingled,  sometimes  conditions 
prevailing  more,  or  even  entirely,  in  favour  of  one  instead 
of  the  other.     At  Hie  same  time  it  may  be  remarked  that. 
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as  careful  iiiTestigations  have  proceeded,  the  evidence  of  the 
growth  in  place  of  the  mass  of  plants  now  constituting  ex- 
tensive coal  beds,  during  the  time  when  the  chief  coal  accumu- 
lations of  Europe  and  America  were  effected,  has  been  gaining 
ground,  inasmuch  as  the  soils  beneath  most  of  the  coal  beds 
and  containing  roots  (Stifftnaria)  have  been  very  commonly 
found.* 

An  observer  will  not  long  have  been  engaged  in  the  examina- 
tion of  extensive  coal  districts  without  usually  finding  that,  while 
certain  beds  of  coal  can  be  traced  outcropping  for  long  dis- 
tances, and  found  when  sunk  far  beneath  the  surface  at  various 
depths,  according  to  circumstances;  others  are  more  local, 
mere  patches,  as  it  were,  amid  sheets  of  vegetable  matter  fiur 
more  persistent  over  wider  areas.  In  like  manner  some  of 
the  former  mud,  silt,  or  sands,  accumulated  at  the  same  time, 
present  a  more  common  character,  scattered  over  extensive 
districts,  than  others,  the  muds  usually,  as  might  be  expected 
from  their  component  parts  having  been  difiused  in  a  fine  state 
of  mechanical  suspension  in  water,  being  the  most  persistent. 
Taking  the  chief  sheets  of  coal  as  guides,  duly  weighing  the 
kind  and  amount  of  distribution  of  the  accompanying  ancient 
muds,  silts,  sands,  and  gravels,  and  reducing  the  section 
and  plan,  so  that  all  embarrassments  of  contorted  or  simply 
tilted  beds,  with  any  fractures  or  dislocations  which  the  whole 
accumulation  may  have  sustained,  be  removed,  it  will  be  seen 
how  far  these  sheets  of  interstratified  matter  may  extend  in  a 
manner  requiring  an  even,  or  nearly  even  surface,  over  a  wide 
space.  To  accomplish  such  an  object,  it  will  be  obvious  that 
an  observer  should  free  himself  frx)m  mere  local  variations,  and 

*  These  soils,  though  far  from  having  been  acknowledged  as  snch,  hare 
long  been  known,  and  employed  as  guides  hj  the  working  ooTliera,  whose  ex- 
perience taught  them  their  frequent  occurrence  beneath  beds  of  coal,  the  more 
especially  where  they  constitute,  as  they  frequently  do,  excellent  materials  for 
the  fire-bricks  so  often  required  in  our  coal  districts,  for  the  different  metallur- 
gical and  other  uses  for  which  that  fuel  is  employed.  The  name  given  Co  these 
ancient  soils  varies  in  different  districts — underclaif,  bottonuiotu,  and  wnderdiff 
are  not  uncommon  names  in  South  Wales  and  the  west  of  England.  The 
ffanister  of  Yorkshire  and  Derbyshire  is  a  bed  or  beds  of  this  kind.    Though  so 

3ng  known  to  the  coal  miner,  they  have  been  rarely  noticed  until  lately  in 

olliery  sections. 
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attend  to  the  evidence  presented  on  the  large  scale.  Thus  it 
may  be  required  that  all  the  coal  districts  of  Great  Britain 
and  Ireland,  whether  remaining  as  patches,  reposing  on  older 
rocks,  or  simply  exposed  by  the  action  of  denuding  causes 
which  have  removed  some  covering  of  subsequent  deposits, 
should  be  regarded  as  a  whole,  and  with  reference  to  any 
portion  of  dry  land  of  which  they  may  have  constituted  an 
addition,  and  from  which  the  needful  supply  of  mud,  silt, 
sands,  or  gravel,  now  forming  its  accompanying  beds  of  shale, 
argillaceous  and  arenaceous,  sandstone  and  conglomerate,  were 
derived. 

With  regard  to  the  sheets  of  vegetable  matter,  now  consti- 
tuting coal  beds,  they  sometimes  present  traces  of  water  action 
on  their  surfaces,  much  reminding  us  of  the  erosion  to  be 
seen  upon  extensive  areas  of  bog,  channels  being  cut  out  by 
drainage  and  running  waters.  Sands  have  been  sometimes 
drifted  above  such  sheets  of  vegetable  matter,  before  they  be- 
came consolidated,  removing  mud,  or  even  sands,  first  covering 
them,  as  in  the  following  section  (fig.  189) — 

Fig.  189. 


where  d  is  s.  coal  bed  reposing  on  an  ancient  soil  e,  full  of 
roots  {Stigmaria\  and  c,  mud  (shale)  first  covering  the  vege- 
table matter  (coal),  but  which  ^as  subsequently  cut  into  by 
the  water  drifting  the  sand  (sandstone)  b,  a  deposit  covered 
subsequently  by  mud  (shale)  a.  In  this  manner  many  a 
portion  of  the  bed  once  resting  on  coal  may  be  found  swept 
away  in  parts,  even  to  the  removal  of  portions  of  the  coal 
beds  themselves.  The  Forest  of  Dean  presents  an  excel- 
lent example  of  channels  cut  in  the  vegetable  matter  (now 
forming  coal)  of  a  particular  portion  of  the  coal  measures 
there  seen.  The  chief  channel  represented  in  the  annexed 
plan  (a,  h,  fig.  190),  has  long  been  known  to  the  colliers  of  the 
district  as  the  **  Horse."  Mr.  Buddie  very  carefully  examined 
the  circumstances  connected  with  the  "  Horse  "  and  its  tribu- 
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taries  (c,  c,  c),  known  as  the  "  Lows,"  whence  it  would  ^peir 

that  when  the  vegelatioD  was  in  an  easily  removable  state,  like 

Fig.  190. 


that  of  some  bogs,  drainage  water  had  cut  out  a  main  and  sub- 
sidiary channels,  into  which  a  subsequent  deposit  of  sand  «w 
thrown  .down,  covering  over  the  whole  surface,  as  any  sand 
deposit  might  now  do  a  great  area  of  bog  if  submerged.* 

As  proving  that  the  unequal  action  of  water  was  not  con- 
lined  to  that  on  the  surfaces  of  the  sheets  of  vegetable  matter, 
it  is  needful  to  remark  that  careful  obeervation  will  frequently 
show  this  to  have  happened  with  other  portions  of  the  coil 
measures.   The  following  section  (fig  191),  observed  on  a  cliff. 

Fig.  191. 


composed  of  these  rocks,  between  Little  Haren  and  Gouldtnp 

*  The  "  Hoth"  hai  been  fnllo«ed  b  the  working  of  the  coal-bed  b  ■bick 
it  ocean  (th*t  ntmei  the  Coleford  High  Dell)  for  aboat  two  miles,  tu>d  il  ba 
bam  fboiid  to  vtr;  in  breadtb  from  170  to  340  jirds.  Qoarti  pcbbldiK 
obKTved  in  iome  portions  of  the  tandslone  covering  np  the  "  Hone  "  ud  the 
"  Lows,"  as  also  fragments  of  coal  and  ironstone. — Buddie,  '  Geologksl 
Tr«ai«ctioiis,"  toI.  vi. 
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Road,  Pembrokeshire,  may  serve  to  illustrate  this  drcum* 
stance.  Herein  a  deposit  of  mud  (shale),  a  a,  seems  to  have 
been  cut  into  by  a  furrow  at  (,  extending  to  e,  the  water 
which  made  it  bearing  in  sand,  and  mud  being  again  accumu* 
lated  over  the  sand  at  d,  A  sweep  of  the  sur&ce  appears  now  to 
have  occurred^  and  on  the  side  e  sands  were  thrown  down  from 
mechanical  suspension,  (the  component  layers  being  quite  flat, 
and  unmarked  by  diagonal  drifting,)  into  a  cavity  formed  in 
that  direction,  by  which  the  previous  mud  deposit,  a  a,  was 
worn  away.  Circumstances  connected  with  the  local  mode  of 
deposit  then  changed,  and  mud,  ff^  was  again  spread  over  the 
sur&ce  of  the  first  accumulation,  its  modifications,  and  the  de- 
posits which  followed  those  modifications. 

While  adverting  to  various  changes  produced  by  the  removal 
and  deposit  of  the  mineral  matter  of  coal-bearing  deposits,  it 
may  be  desirable  to  notice  the  evidence  often  afforded  by  the 
coal-measures  as  to  the  lapse  of  time  during  which  their  accu- 
mulation was  effected.     The  various  growths  of  plants  upon 
diflerent  soils,  and  the  general  thickness  of  the  mass,  may, 
no  doubt,  be  taken  as  evidence  of  a  long  lapse  of  time,  though 
the  rapidity  of  the  growth  of  such  plants  as  are  found  en- 
tombed in  these  beds  may  have  been  considerable ;  the  sand 
and  mud  deposits  may  also  have  been    somewhat  readily 
effected,  and,  from  a  rapid  mode  of  accumulation,  the  soils 
(underclays)  may  also  have  been  soon  formed.     When,  how- 
ever, pebbles  and  small  grains  of  coal  itself,  are  discovered  amid 
the  sand-drifts  and  deposits  of  the  period,  we  seem  to  advance 
somewhat  fiurther  in  the  evidence  of  a  considerable  lapse  of  time. 
We  certainly  do  not  know  that  required,  under  fitting  condi- 
tions, for  converting  the  vegetation  of  the  kind  and  period  into 
the  coal,  so  that  beds  of  it,  partially  broken  up,  may  be  used  as 
a  portion  of  the  higher  deposits  of  the  general  mass.     Herein 
there  may  be  somewhat  of  a  difficulty.     Still,  viewing  the  sub- 
ject generally,  and  with  due  reference  to  the  action  of  run- 
ning water  on  land,  or  breaker  action  on  the  shores  of  waters, 
also  required,  no  little  lapse  of  time  would  appear  needed  for 
the  changes  in  the  vegetable  matter,  its  removal  in  part,  and  its 
redeposit.     It  sometimes  happens  in  certain  coal-measure  dis- 
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tricts,  that  the  ironstones  also  of  preyiously-fonned  strata  have  hi 
like  manner  been  broken  up,  and  pebbles  of  it  drifted  into  beds 
amid  other  detrital  deposits.  Whatever  may  be  the  time  re- 
quired, there  has  been  sufficient  for  the  production  of  the  ooal,  the 
consolidation  of  the  ironstone,  the  breaking  up  of  both,  and  tfa^ 
distribution  in  higher  portions  of  a  series  of  generally  smilar 
accumulations.  When  sufficiently  large,  the  pebbles  of  coal  (and 
they  are  sometimes  discovered  two  or  three  inches  in  diameter) 
often  exhibit  the  jointed  or  cleavage  structure  of  the  beds 
whence  they  were  derived,  their  planes  of  cleavage  taking 
various  directions  in  the  coal-pebble  beds  of  which  they  now 
form  parts,  while  the  cleavage  of  the  outside  portions  of  the  stems 
o{  Sigillaria^  occasionally  drifted  with  them,  and  converted  into 
coal,  have  a  constant  direction  in  the  same  beds.  Moreover, 
rounded  portions  of  coal  of  a  distinct  character,  and  known  in 
lower  portions  of  the  general  deposits,  have  been  found  higher 
in  the  series,  and  little  doubt  can  exist  that  at  the  time  they 
were  detached,  they  had  undergone  the  same  order  of  change 
as  their  parent  beds,  and  that,  even  if  these  have  been  still  fur- 
ther modified,  the  same  modification  from  similarity  of  structure 
had  extended,  under  the  same  general  influence  to  which  the 
whole  mass  of  these  deposits  has  been  exposed,  to  these  pebbles 
also.  Certain  beds,  well  exhibited  amid  the  quarries  of  the 
Town  Hill,  Swansea,  are  highly  illustrative  of  the  pell-mell 
drift  of  such  coal-pebbles  with  stems  of  Sigillaria,  the  latter 
showing  the  forms  of  many  a  coal-pebble  beneath,  the  plants 
having  conformed  in  a  soft  state  to  the  hard  pebbles  of  the  coal, 
itself  a  substance  probably  derived  from  plants  of  the  same 
genus,  and  often  also  of  the  same  species  as  the  stems,  inter- 
mingled and  entangled  in  the  common  drift. 

The  necessity  of  land  for  the  sufficient  supply  of  the  detrital 
matter  of  the  "coal  measures''  would  appear  a  somewhat 
needful  condition  carefully  to  be  borne  in  mind,  since  the  mass 
of  the  coal  measures  of  the  British  Islands  would  require  its 
contents  to  be  measured  by  no  small  amount  of  cubic  miles  of 
mineral  matter,  worn  away  from  some  other  position  w  hich  its 
parent  rocks,  even  themselves,  perhaps,  detrital,  may  have 
occupied  at  a  distance  whence  they  could  have  been  moved. 
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An  observer  has  next  to  inquire  how  far  the  removal  of  this 
large  amount  of  detritus  has  been  accomplished  by  breaker 
action,  or  by  other  means,  for  distribution  at  the  bottom  of 
water.     Here  the  great  sheets  of  vegetation,  based  upon  old 
soils  in  many  situations,  and  often  so  frequently  repeated, 
afford  him  important  aid,  inasmuch  as  they  are  not  composed  of 
marine   plants,  neither  are  the  numerous  upright  stems,  in 
their  places  of  growth,  marine.     Over  some  wide  spaces,  and 
through  considerable  thicknesses  of  deposits,  no  trace  of  a  sea- 
bottom  is  found,  though  the  remains  of  molluscs,  inferred  to  be 
forms  similar  to  those  now  detected  in  rivers  or  fresh-water 
lakes,  have  been  discovered.     While  this  may  be  true  in  many 
districts,  and  through  considerable  thicknesses,  it  is  not  so 
as  a  whole,  even  for  the  comparatively  limited  area  of  the 
British  Islands,  for  here  and  there  the  forms  of  marine  molluscs 
are  discovered  amid  the  other  deposits.      Proceeding  from 
south  to  north  over  this  area,  it  is  found  that  the  remains  of 
other  marine  animals,  as  "frell  as  molluscs,  are  entombed  in 
beds  interstratified  with  the  coal  deposits,  even  somewhat  thick 
limestones  affording  evidence  of  the  presence  of  the  sea  for  a 
time  sufficient  for  the  growth  and  continued  increase  of  different 
marine   creatures  at  intervals  between  the  conditions  of  the 
ordinary  kind  obtaining  in  these  coal  deposits.*     Duly  flatten- 
ing out  all  the  present  inequalities  of  the  British  coal  districts, 
and  reducing  the  whole  towards  horizontality,  several  thousand 
square  miles  of  tolerably  even  ground  would  appear  to  present 
themselves,  much  reminding  an  observer  of  some  great  delta, 

*  Except  in  some  rare  and  higher  part  of  the  carbouiferona  limestone  series, 
even  smaU  coal-seams  cannot  be  traced  in  that  rock  in  Soath-Westem  England 
and  Sonth  Wales.  At  the  same  time  the  mass  of  the  coal  measures  of  the  same 
district,  notwithstanding  its  great  thickness,  exhibits  no  admixture  of  marine 
remains  with  those  of  terrestrial  vegetation  and  of  the  molluscs  possessing 
forms  resembling  those  now  inhabiting  fresh  waters.  The  same  general  condi- 
tions appear  to  have  reached  as  far  north,  in  the  British  Islands,  as  Northern 
Wales  and  Derbyshire.  Still  farther  north,  however,  coal-beds  become  more 
intermingled  with  the  mass  of  supporting  calcareous  deposits  (mountain  or 
carboniferous  limestones),  so  that  the  latter  include  among  them  shales,  saod- 
atones,  and  coal ;  thus  showing  that,  in  the  northern  portion  of  this  area,  the 
conditions  for  the  growth  and  entombment  of  this  kind  of  vegetation  commenced 
at  an  earlier  geological  period  than  in  the  southern. 
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such  as  those  of  the  Ganges,  the  Quorra,  or  the  jSfissis^ppi,  in 
a  state  of  descent  as  regards  the  level  of  the  ocean,  in  such  a 
manner  that,  as  the  land  was  depressed,  and  the  fall  and 
velocity  of  some  great  river  or  rivers  for  the  time  increased, 
detritus  was  borne  readily  onwards  over  sinking  sheets  of  vegie- 
tation. 

That  some  sheets  of  vegetation  should  be  more  extensive 
than  others  could  scarcely  otherwise  than  happen  under  such 
conditions ;  or  that  occasionally  also  the  sea  waters  beatme 
introduced,  should  there  be  any  partial  subsidence  so  great  that 
these  waters  entered  areas  of  different  dimensions,  while  lakes 
of  fresh  water  were  tenanted  by  suitable  inhabitants,  and  even 
limestones  were  formed,  embedding  their  remains.  That  the 
general  conditions  should  be  introduced  earlier  at  one  portion 
of  a  given  area  than  another,  might  be  anticipated,  if  some 
general  sea-bottom,  preceding  any  extension  of  a  delta  or  accu- 
mulation of  that  order,  had  been  sufficiently  raised  either  by 
the  amount  of  deposits  thrown  down  upon  it,  or  by  general 
movements  in  the  mass  of  such  sea-bottom  and  adjoining  dry 
land,  so  that  the  vegetation  of  the  low  flat  grounds  of  the  time 
could  flourish.  To  whatever  extent  this  or  any  other  view  of 
a  similar  kind  may  assist  Dbservation  with  respect  to  ibe 
general  circumstances  connected  with  these  coal  deposits,  the 
geologist,  in  search  of  evidence  of  dry  lands  in  certain  portions 
of  the  earth's  surface  at  given  geological  times,  should  carefully 
attend  to  any  which  may  present  itself  in  favour  of  terrestrial 
plants  having  grown  at,  or  near  the  place  where  their  remains 
are  now  discovered.  It  will  readily  be  inferred  that  circum- 
stances may  have  occurred  at  different  geological  dates,  in  fitting 
situations,  under  which  vegetation  may  have  been  entombed, 
producing  layers  of  carbonaceous  matter  in  different  conditions 
of  change,  so  that  anthracite,  bituminous  coals,  or  lignite  may 
now  occur  among  the  mud,  silt,  sand,  and  gravel,  accumulated 
at  those  different  dates.  This  is  now  well  understood ;  and  the 
'deposits  to  which  the  term  ^'ooal  measures"  has  been  espe^ 
cially  assigned  in  Europe  and  North  America,  have  only  been 
selected  for  notice,  because  of  easy  access  in  several  parts  of 
those  continents.     Coal  deposits  of  importance  are  now  well 
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known  in  Asia,  Australia,  and  some  other  regions.  How  far 
there  may  be  proof  of  the  growth,  in  place,  of  the  plants  which 
have  furnished  the  materials  for  the  carbonaceous  portions  of 
these  accumulations,  becomes  a  matter  of  no  slight  geological 
interest^  as  supplying  information  not  only  of  the  dry  land  of 
the  relative  time  which  the  general  evidence  may  lead  us  to 
infer  most  probable,  but  also  of  the  kind  of  vegetation  which, 
under  certain  conditions,  flourished  at  such  times  in  given 
re^ons. 

To  return  to  the  comparatively  limited  area  of  the  British 
Islands  for  the  purpose  of  again  illustrating  how  much  may 
sometimes,  under  favourable  circumstances,  be  observed  in 
minor  portions  of  the  earth's  surface,  we  find  two  other  instances 
at  different  geolo^cal  dates ;  one,  during  the  accumulation  of 
the  group  of  beds  known  as  the  oolitic  series^  and  the  other,  at 
the  close  of  its  deposit,  when  vertical  stems  so  occur  that  we  have 
further  evidence  of  plants  entombed  in  their  places  of  growth. 
The  coal-beds  of  the  oolitic  series  in  Yorkshire'  has  been  long 
known  as  occurring  on  a  ^'  geological  horizon,"  to  adopt  the 
term  of  Humboldt,  with  limestones,  and  clays,  replete  with 
marine  organic  remains,  on  the  south  of  England;  and  Sir 
Roderick  Murchison  pointed  out  in  1832,  that  the  vertical  stems 
of  the  Equisetum  columnare,  apparently  in  the  positions  in  which 
they  grew,  were  not  only  found  in  the  shale  and  sandstone  of 
these  deposits  on  the  coast,  but  also  at  a  distance  of  40  miles 
on  the  north-western  escarpment  of  the  Yorkshire  moor-land, 
pointing  to  the  submergence  of  many  square  miles  of  ground 
in  such  a  manner  that  the  plants  were  quietly  entombed  in  the 
mud  or  sand  accumulating  round  them.* 

The  Island  of  Portland,  on  the  coast  of  Dorsetshire,  also 
affords  evidence  of  trees  in  place,  some  standing  as  they  grew, 
with  the  soil  preserved  on  which  they  spread  their  roots.  These 
soils  have  long  been  known  by  the  quarrymen  of  the  island  as 
the  "  dirt-beds."  f  While  some  trees  are  rooted  in  their 
ancient  soils,  others  are  prostrate,  in  the  manner  represented 

*  Murchison,  **  Proceedings  of  the  Geological  Society/'  vol.  i.  p.  391. 
-f   These  beds  were  first  described  by  Mr.  Webster,    **Geol.  Traus.," 
Tol.  ii.  p.  41. 

9  rx  9 
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in  the  following  section  (fig.  192) ;  one  much  reminds  ns  of  the 
<<  gabmarine  or  sunk  forests  "  (fig.  152,  p.  516)  so  frequent  on 
the  shores  of  Western  Europe.     In  this  section*  the  erect  and 

Fig.  192. 
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prostrate  remains  of  trees,  among  which  occur  those  of  cycade- 
oua  plants,  with  the  soil  of  the  period  (a,  &),  repose  on  a  calca- 
reous rock  {c,  c)  containing  the  remains  of  fresh-water  animals, 
and  resting  upon  the  marine  oolitic  limestones  (^  d)^  com- 
monly known  as  the  Portland  oolite.  Above  the  remains  of  the 
trees  and  cycadeous  plants  there  are  other  calcareous  deposits 
(&,  e\  also  containing  animal  remains  pointing  to  accumulation 
in  fresh  waters,  and  known  as  the  Purbeck  beds,  from  being 
well  exhibited  at  that  locality,  on  the  coast  eastward  from 
Portland. 

Thus  the  vegetation  and  the  soil  upon  which  it  flourished 
are  included  in  an  accumulation  effected  in  fresh  water,  im- 
plying that  dry  land  existed  somewhere  in  the  vicinity  anterior 
to  the  growth  of  the  trees.  From  an  attentive  examination 
of  the  districtjt  Professor  E.  Forbes  found  that  the  fresh -water 


*  As  many  as  three  of  these  "  dirt-beds  "  haye  been  noticed  in  some  parts  of 
this  series  of  deposits  in  Portland — different  remains  of  sncoessiTe  soils,  periiaps 
not  always  of  exactly  the  same  eqnal  date,  thoagh  representing  general  condi- 
tions of  the  time.  Only  one  of  snch  *'  dirt-beds"  is  represented  in  the  seetioD, 
for  more  clear  illostration  of  the  general  circumstances  under  consideration. 

t  The  ancient  soil,  with  its  trees,  some  prostrate,  and  others  in  their  place 
of  growth,  is  not  confined  to  the  Isle  of  Portland.  It  may  be  also  weU  seen 
amid  beds  of  the  Parbeck  series,  in  the  east  cliff  of  Lalworth  Gove,  a  few  miles 
to  the  eastward.  With  regard  to  the  farther  extension  of  these  conditions  at 
that  geological  time,  it  should  be  observed,  that  Dr.  Fitton  mentions  an  earthy 
bed  in  the  same  geological  position  in  Buckinghamshire  and  the  Vale  of  Wardour, 
as  also  in  the  cli£Es  of  the  Boulonnais.  Silicified  wood  is  found  in  a  bitominoos 
bed  from  Boulogne  to  Cap  Gris-nes  (*<  Geological  Sketch  of  the  Vicinity  of 
Hastings,"  1833,  p.  76.)  A  "  dirt^bed  "  is  noticed  by  Dr.  Buckland  as  occurring^ 


GROWTH  OP  TREES  WERE  PRODUCED  AT  PORTLAND.  597 

animals,  the  remains  of  which  occur  in  the  lower  part  of  the 
covering  beds,  were  not  changed  by  the  conditions  permitting 
the  production  of  the  "  dirt-bed,"  and  the  growth  of  the  plants, 
being  the  same  as  in  the  calcareous  beds  immediately  beneath. 
He  found,  moreover,  that  there  had  been  three  successions  of 
species  in  the  Purbeck  deposits.     As  to  the  general  character  of 
those  beds,  the  Professor  ascertained  that  while  the  higher  and 
lower  accumulations  bear  evidence  (from  their  organic  contents) 
of  having  been  deposited  in  fresh  waters,  the  central  portion 
points  to  alternations  of  fresh  water,  brackish  water,  and  sea. 
Altogether   a  highly  interesting  series  of  facts,  showing    a 
disappearance  of  the  sea,  and  the  formation  of  dry  land,  by 
which  animals  inhabiting  fresh  water  could  obtain  the  conditions 
for  their  existence,  the  actual  evidence  of  this  dry  land  in  parti- 
cular portions  of  the  area,  and  the  continuance  of  the  fresh- 
water accumulations  by  some  change,  during  which,  while  the 
soil  or  soils  became  submerged  beneath  the  fresh  water,  the  sea 
was  not  admitted.     A  time  came,  however,  when  the  sea  was 
let  in,  brackish  water  also  occurring ;  but  tiiis  did  not  last,  for 
we  find  again  fresh-water  deposits  above  these  deposits.     Pro- 
fessor E.  Forbes  mentions,  that  so  far  as  the  remains  of  the 
invertebrate  animals  extend,  it  would  be  impossible,  without 
the  evidence  to  be  obtained  from  superposition  of  other  accu- 
mulations, to  say  whether  the  fi'esh-water  deposits  belonged  to 
the  oolitic,  cretaceous,  or  tertiary  series  of  rocks.*     Referring 
back  to  the  time  (p.  554),  when  a  depression  of  tiie  lands  then 
above  water  in  the  area  of  Soutiiem  England  was  in  progress, 
so  that  the  lower  part  of  the  oolitic  series  of  deposits  (various 
limestones,  sometimes  oolitic f,  sands,  and  clays),  spread  over 


in  its  geological  place,  near  Thame,  in  Oxfordshire ;  and  Dr.  Mantell  mentions 
one  as  found  at  Swindon,  Wiltshire,  on  the  top  of  the  Portland  beds,  fossil 
coniferous  wood  being  seen  in  abundance,  with  a  few  examples  of  Mantellia. 
'*  Wonders  of  Geology,"  6th  edit.,  yol,  i.  p.  390. 

*  Among  other  important  obserrations.  Professor  E.  Forbes  found  that 
although  a  bed  of  oysters  {Oatrta  diatorta),  oocurs  as  the  most  conspicuous 
feature  of  the  middle  division  of  the  Purbeck  beds,  that  the  fresh-water  ftana 
of  the  time  was  not  interrupted. 

f  The  calcareous  gnuns  so  united  together  as  to  resemble  the  roe  of  some 
fishes,  whence  also  the  name  roe-stone  for  this  description  of  rock. 
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the  submerged  rocks,  the  animals  of  the  period  even  boring 
into  them  under  favourable  conditions  (p.  560),  the  depression 
apparently  ceased  not  long  after  that  geological  date.  Whe- 
ther the  sea-bottom  and  adjacent  lands  then  took  a  contrary 
movement,  rising  gradually,  so  that  the  area  occupied  by  sea 
was  diminished,  and  the  shores  extended,  or  that,  remaining 
stationary,  the  detrital  and  animal  accumulations  so  filled  up 
the  seas  around  that  the  shores  were  thrown  back,  or  that  both 
these  causes  were  in  operation,  it  would  appear  that  the  re- 
mainder of  the  limestones,  sands,  and  clays  of  the  oolitic  series, 
with  their  animal  remains,  was  formed  within  a  gradually- 
diminishing  area,  as  fsLr  as  that  of  the  British  Islands  was  con- 
cerned, so  that  finally,  in  a  particular  portion  of  it,  the  condi- 
tions prevailed  which  produced  the  results  observed  in  Dorset- 
shire, and  by  which  the  existence  of  dry  land  in  particular  spots 
is  proved,  the  remains  of  trees  being  found  rooted  in  the  soil  in 
which  they  grew. 

The  change  from  sea  to  dry  land  conditions  woald  appear  to 
have  further  continued,  for  upon  these  lower  (Purbeck)  accu- 
mulations marked  by  the  remains  of  fresh-water  animals,  a 
very  considerable  depth  of  deposits  is  found,  pointing  to  the 
presence  of  some  large  river  or  body  of  fresh  water  in  the  area  of 
South-eastern  England.  These  accumulations,  with  the  Pur- 
beck beds,  are  now  commonly  known  as  the  Wealden  series,  a 
name  derived  from  the  beds  of  that  geological  time  foimd  in 
the  Weald  of  Sussex,  for  our  first  knowledge  and  numerous 
subsequent  illustrations  of  which  we  are  indebted  to  Dr.  Man- 
tell.*  These  beds,  consisting  of  ancient  mud,  sands,  and  cal- 
careous accumulations,  are  not  only  marked  by  the  remains  of 
fresh-water  molluscs,  but  also   contain  those  of  remarkable 


*  The  Tilgate  beds  were  described  by  Dr.  ManteU  iu  1822,  in  his  **  Fossils 
of  the  Soath  Downs,"  and  the  same  year  he  commonicated  the  joint  obserra- 
tions  of  Sir  Charles  Lyell  and  himself  as  to  the  extension  of  these  beds  orer 
the  Weald.  The  observer  will  find  an  exoeUent  sommary  of  the  Wealden 
series,  as  known  in  Enghmd,  and  on  the  continent  of  Europe,  in  Dr.  Manteirs 
<*  Wonders  of  Geology,"  6th  edition,  toI.  i.-,  pp.  360-449.  He  shoold  also  con- 
salt  the  works  of  Dr.  Fitton  on  the  lower  part  of  the  cretaoeoos  series  (greai 
sand,  &C.),  contained  in  the  **  Geological  Transactions  and  Proceedings,"  and 
he  will  find  mach  instmctton  in  his  ^^  Gnide  to  the  G«ology  of  Hastings." 
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reptiles  {Iguanodon,  &c.),  of  gigantic  size,*  and  of  the  terrestrial 
plants  growing  in  the  banks  of,  or  swept  down  by  a  river,  the 
matter  borne  in  mechanical  suspension  in  it  covering  the  whole 
up,  as  fitting  circumstances  for  the  deposits  occurred.     That  an 
elevation  of  a  m&ss  of  land^  and  its  adjoining  sea-bottom 
might  first  produce   variable  mixtures  of  lakes  and  minor 
estuaries,  and,  finally,  some  larger  rivers,  will  readily  be  seen, 
by  considering  the  efiects  which  would  be  produced  by  an  ele- 
vation which  should  extend  the  coast  line  of  the  British  Islands 
and  the  continent  of  Europe  from  Norway  to  the  Pyrenees 
(figs.  65  and  99),  so  that  the  present  drainage  of  Western  Eu- 
rope, from  Ushant  to  Norway,  and  from  the  Land's  End,  by 
the  east  coast  of  Great  Britain,  to  the  north  of  Scotland, 
should  be  thrown  into  two  chief  drainage  depressions,  divided 
at  the  Straits  of  Dover,  or  thereabouts.     At  first,  as  the  sea- 
bottom  gradually  rose,  there  would  be  many  minor  admixtures 
of  estuaries  and  of  bodies  of  water  subsequently  rendered 
fresh,  until,  finally,  all  the  rivers  draining  into  the  Baltic,  with 
those  now  finding  their  way  into  the  North  Sea  (Elbe,  Weser, 
Ems,  Rhine),  would  have  to  flow  outwards,  more  or  less  uniting 
at  different  distances,  together  with  the  drainage  of  the  new 
area  of  dry  land,  into  the  Atlantic,  between  the  Shetland  Isles 
and  Norway,  perhaps  somewhat  about  the  submarine    gulf 
stretching   down  southerly  between  them  (fig.  65).     While 
this  happened  on  the  north,  all  the  rivers  in  the  English  Channel 
would  be  more  or  less  united,  and  flow  out  into  the  Atlantic  by 
the  greatest  depression  between  the  Land's  End  and  Ushant, 
the  drainage  waters  of  the  new  dry  land  being  also  added  to 
them.     In  both  cases  marine  deposits  would  be  succeeded  at 
first  by  many  intermingled  estuary  and  firesh-water  accumula- 
tions of  various  extent,  and,  finally,  by  those  marking  at  the 
mouth  of  the  English  Channel,  and  between  the  Shetland  Isles 
and  Norway,  the  presence  of  far  greater  rivers  than  those  which 
now  discharge  their  waters  into  any  of  the  seas  bounding 
Western  Europe  from  Norway  to  the  Pyrenees.     While  the 
Loire  and  the  Garonne  might  readily  extend  their  courses  with- 

*  For  the  knowledge  of  these,  aUo,  geologists  are  indebted  to  the  labours  of 
Dr.  ManteU. 
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out  union  over  the  new  dry  land,  a  portion  of  the  Bay  of  Biscay, 
more  complication  would  arise  amid  the  rivers  of  the  west  part 
of  Great  Britain  and  around  Ireland.  Looking,  however,  to 
the  charts,  there  would  be  a  tendency  to  gather  waters  together 
into  great  rivers  outwards  between  Northern  Ireland  and 
Scotland,  and  between  Southern  Ireland  and  the  Land's  End. 

While  thus  so  far  advanced  upon  the  changes  which  have 
occurred  with  regard  to  the  presence  and  disappearance  of  dry 
land  in  so  limited  an  area  as  that  which  has  been  noticed, 
it  may  not  be  undesirable  to  advert  to  the  great  change 
which  subsequently  converted  a  very  extended  portion  of  the 
same  part  of  the  earth's  surface  again  into  a  sea-bottom, 
upon  which  a  considerable  thickness  of  mud  and  sands  (green- 
sands  and  gault),  with  a  thick  covering  of  calcareous  matter 
(chalk)  was  accumulated.  This  was  apparently  accomplished 
by  a  somewhat  gradual  depression  of  a  sea-bigttom  making 
way  for  the  detritus  borne  to,  and  over  it,  in  addition  to  so 
much  of  the  volume  of  deposit  as  was  due  solely  to  the  accu- 
mulation of  the  hard  parts  of  marine  animals,  for  the  evidence 
is  in  favour  of  a  greater  general  area  being  gradually  covered, 
as  this  portion  of  geological  time  advanced,  so  that  the  higher 
beds  overlapped  or  overspread  the  lower,  the  upper  members  of 
this  series  of  deposits  (the  cretaceous),  thus  reaching  beyond  the 
lower  in  Northern  and  in  South-western  England.  Again 
conditions  changed  over  the  same  area,  and  in  the  supra-creta- 
ceous or  tertiary  time  we  find  deposits  according  with  such 
altered  circumstances,  and  showing  that  dry  land  was  then  in- 
termingled with  sea ;  that  there  were  estuaries  and  firesh-water 
lakes ;  and,  moreover,  that  there  were  oscillations  of  the  land 
and  sea-bottom,  producing  submergence  beneath  and  emei^enoe 
above  the  level  of  the  adjacent  ocean.  These  oscillations  and 
their  consequences  have  been,  as  we  have  seen  (p.  513),  con- 
tinued up  to  the  present  adjustments  of  land  and  water,  when 
we  have  atmospheric  influences  and  the  sea  wearing  away  the 
former,  the  matter  thus  removed  variably  dispersed  along  the 
bores  and  over  the  adjacent  sea  bottom,  no  doubt  entombing  a 
lass  of  the  remains  of  the  vegetable  and  animal  life  of  the  time 
id  area — the  whole,  with  the  dry  land  and  its  lakes,  rivers,  and 
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estuaries,  ready  to  be  elevated  above,  or  depressed  beneath  the 
ocean  level,  as  has  happened  over  the  same  area  at  previous  geo- 
logical times. 

The  footprints  of  animals  and  cracked  surfaces  of  beds  also 
afford  the  observer  the  means  of  judging  of  the  presence  of  dry 
land  at  particular  times.  These  have  of  late  received  their 
well-deserved  share  of  attention.  Although,  as  in  the  plan  be- 
neath (fig.  193),  when  uncovering  a  clay  or  shale  bed,  he  detects 

Fig.  193. 


a  splitting  of  parts  corresponding  with  that  seen  upon  the  drying 
of  any  mud  or  clay  surface  exposed  to  the  sun  and  air,  he  would 
be  led  to  infer  the  contact  of  the  atmosphere  with  such  a  surface, 
and  the  consequent  presence  of  land,  so  as  at  least  to  permit  a 
space  to  be  exposed  for  a  time  sufficient  to  produce  this  amount 
of  desiccation ;  such,  for  example,  as  on  somewhat  fiat  shores 
upon  which  there  were  great  differences  in  the  spring  and  neap 
tides  (p.  90),  the  evidence  becomes  more  perfect,  by  the  addi- 
tion of  the  well-marked  footprints  of  animals.  Such  footprints 
have  now  been  found  in  various  parts  of  the  world — Europe, 
Asia,  and  America— with  and  without  the  evidences  of  the 
cracks  pointing  to  exposure  of  the  atmosphere,  and  are  highly 
important,  as  showing  the  tread  of  animals  on  shores  or  in 
waters  so  shallow  and  tranquil,  that  creatures  breathing  in  the 
air  and  walking  on  soft  ground  left  the  prints  of  their  footsteps 
uninjured  behind  them.  The  following  sketch  (fig.  194)  is  taken 
from  the  figure  by  Dr.  Sickler,  of  footprints  in  the  red  sand- 
stone quarry  at  Hessberg,  near  Hildburghausen,  Saxony,*  and 

*  These  footpriuts  appear  to  haye  attracted  attention  at  Hessberg,  about 
1833  or  1834,  when  they  were  described  by  Dr.  Hohnbaom  and  Professor 
Kaap»  the  latter  of  whom  gave  the  animals  considered  to  have  formed  them  the 
name  of  Chiroiherivm.    Dr.  Sickler  published  a  further  account  of  them  in  a 
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well  illustrates  both  such  impreBsions  and  cracks  from  defecation. 
While  these  footprints  have  been  conudered  as  those  of  reptiles, 
some  of  gigantic  Batrachians,  others  have  been  disi-overed  of 
forms  from  which  they  have  beeu  attributed  to  birds  of  difibrent 
speaes  and  sizes.  To  these  Professor  Hitchcock  long  sioce 
called  attention  as  occurring  in  a  red  sandstone  scries  ia  the 
yalley  of  the  Connecticut,  United  States."  The  followii^ 
sketch  (fig.  195)  is  taken  from  among  the  illustrations  ^ven  by 


letter  to  BIomeDbBch,  in  183*.  Prior  to  this  dijcoverj  (1828),  Dr.  DanciD 
gave  an  accoDnt  (Truinetiani  of  the  Rojal  Society  of  Edinburgh,  lol.  xi.)  of 
umilar  footsteps  found  in  the  new  red  Mndilones  of  Corn  Cockle  Muir,  Doui- 
fl-icMhire,  and  in  1831  Dr.  Dodcbd  informed  Dr.  Bockland  (Bridgenalir 
Treatise,  vol.  i.,  p.  3S9)  that  like  impressions  bad  been  foood  in  Ibe  same 
aerien  of  depouts,  ID  miles  Gram  tbe  former  locally,  and  S  nuies  from  the 
town  of  Dumfries. 

*  Professor  Hitchcock  described  these  footprints  oodcr  the  name  of  Oni- 
tkichnilts,  in  the  AmericsD  Joaraat  of  Science,  vol.  xxii,,  1836,  and  also  in 
lus  Report  on  the  Geology  of  Massachiuetls.  Sir  Charles  Lyell  also  gives  an 
account  of  tbem  in  bis  Travets  in  North  America,  cbsp.  12.)  The  footprints 
are  of  various  biies,  some  not  longer  than  those  of  our  common  sacderliDgs 
while  others  exceed  that  of  the  ostrich,  measuring  19  inches  in  length.  eicluuTe 
of  Ibe  largest  claw,  two  inches  long.  Dr.  Buckland,  remarking  on  the  dimeDsiooi 
of  this  supposed  bird,  observes  (Bridgewater  Trratiie,  vol.  ii.,  p.  40).  that  ■*  in 
the  Afticsn  ostrich,  which  weighs  IDOIbs..  and  is  nine  feet  bigb,  the  lengd 
of  the  leg  is  abont  four  feet,  and  that  of  the  foot  ten  inches. " 
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Fig.  195. 


With  regard  to  these  impressions  being  those  of  birds,  Pro- 
fessor Owen  points  out  that,  taken  by  themselves,  they  "  are 
insufficient  to  support  the  inference  of  the  progression  of  the 
highly-developed  organization  of  birds  of  flight  by  the  crea- 
tures which  have  left  them."* 

The  footsteps  attributed  to  reptiles  have,  in  part,  been  assigned 
as  probable  to  the  Labyrinthodon^^  whose  bones  have  been  dis- 
covered in  the  same  series  of  deposits.  As  still  further  showing 
contact  of  the  air  with  mud  or  sand  where  these  or  other  animals 
have  left  the  imprints  of  their  feet,  marks  in  the  same  as  well  as 
other  surfaces  of  associated  beds  have  been  discovered,  strongly 
resembling  those  left  on  clay  or  sand  by  a  heavy  fall  of  rain, 
such  as  may  oflen  be  observed  on  coasts  when  the  tide  is 
out$  These  various  impressions  have  usually  been  made  upon 
layers  of  clay  or  mud,  sand  having  been  tranquilly  accumulated 
over  the  hardened  surface  retaining  the  footprints  and  other 
marks.  As  the  resulting  marl,  clay,  or  shale  is  frequently  broken 
by  the  removal  of  the  sandstone  bed  covering  it,  the  lower  sur- 
face of  the  latter  usually  reveals  the  condition  of  the  upper  sur- 


*  **  The  Rhyncosanr,"  oontinaes  the  Profefisor,  **  and  the  biped  Pterodactyles, 
already  warn  us  how  nearly  the  ornithic  type  may  be  approached  withoat  the 
essential  character  of  the  Saurian  being  lost ;  and  by  the  Chirotherian  Ichno- 
lites,  we  learn  how  closely  an  animal,  in  all  probability  a  Batrachian,  may 
resemble  a  pedimanous  mammal  in  the  form  of  its  footprints."  British  Asso- 
ciation Reports,  1841,  p.  203. 

t  The  Batrachian,  alluded  to  by  Professor  Owen  in  the  preyious  note. 

I  An  illustratiTe  figure  of  the  impression  of  rain  drops  upon  the  same  slab 
with  that  of  a  biped,  from  the  red  sandstone  series  of  Massachusetts,  is  given  by 
Dr.  Mantell,  in  his  Wonders  of  Geology,  vol.  ii.,  p.  556. 
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face  of  the  former  before  it  was  overspread  by  the  sand.  At  the 
same  time  we  have  seen  impressions  on  the  upper  sur&ces  of 
sandstones  themselves,  which,  though  not  so  well  defined,  re- 
semble footprints  on  sand  subsequently  and  quietly  covered  over 
by  mud.* 

Of  whatever  animals  the  footprints  may  have  been,  with  the 
cracks  from  the  exposure  of  sur&ces  of  mud  and  clay  to  desic- 
cation in  the  air,  and  the  marks  resembling  rain  drops — for  lliese, 
however  singular  they  may  appear,  are  not  to  be  neglected — 
they  show  us  that,  during  the  deposits  of  the  layers  or  beds  of 
sand,  silt,  or  mud  in  which  they  occur,  dry  land  was  there  at 
hand  also,  and  that  the  beds  themselves  may  have  formed  part  of 
its  shores,  as  those  in  the  Bay  of  Fundy,t  in  the  Bristol  Chaimel4 
and  in  numerous  other  localities,  where  similar  and  fitting  con- 
ditions present  themselves,  now  do.  The  mere  piling  of  layer 
upon  layer  on  shores  of  this  kind  has  been  found  su£5cient  to 
preserve  such  marks  (p.  148)  ;  but  when  this  is  combined  with  a 
quiet  submergence  of  the  locality,  so  that  the  layers  of  deposit 
are  little,  if  at  all,  broken  up,  a  considerable  thickness  of  beds 
marked  in  tiiis  manner  may  be,  as  they  apparently  have  been, 
accumulated  in  succession,  until  finally  the  fitting  conditions 
cease,  and  the  preservation  of  such  impressions  can  no  longer  be 
effected. 

However  desirable  it  is  for  an  observer  thus  to  trace,  by  means 
of  beaches,  fresh  or  brackish  water  deposits,  the  footprints  of 
animals  on  shores  and  the  remains  of  plants  rooted  in  their  places 
of  growth,  the  presence  of  dry  land  on  different  parts  of  the 
eartii's  surface  (for  the  circumstances  which  have  be^n  noticed 
by  way  of  illustration  are  applicable,  with  certain  modifications, 

*  The  footprints  noticed  in  the  text  as  discoyered  in  Asia,  were  found  im- 
pressed upon  red  sandstone  in  India,  by  Lieat.  Pratt 

f  Sir  Charles  LyeU  has  figured  the  recent  footprints  of  the  sandpiper  on  the 
shores  of  the  Bay  of  Fundy,  in  his  **  Travels  in  North  America,'*  ▼oi.  ii,  pi.  rii^ 
and  has  presented  specimens  illnstratiye  of  the  preserration  of  these  footprints 
in  different  layers,  deposited  in  sacoession,  to  ihe  British  Muaeom,  and  to  the 
collections  of  the  Museum  of  Practical  Geology. 

I  We  have  fluently  collected  good  examples  of  footprints  of  differeot 
kinds  preserved  in  the  muddy  banks  of  this  channel,  left  dry  and  hardened  in 
hot  summer  weather,  on  the  wide  spaces  between  the  lines  of  neap  and  q^ng 
tides. 
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to  many  other  re^ons),  in  some  districts  he  finds  himself  so  com- 
pletely surrounded  by  ancient  sea-bottoms,  piled  up  jn  various 
modes  in  succession,  that  he  cannot  avail  himself  of  the  aid 
which  this  knowledge  of  the  probable  position  of  the  dry  lands 
of  given  geological  times  may  afford  him.  Although  aware  that 
the  wearing  away  of  the  mineral  masses  forming  dry  land,  fur- 
nished, with  the  stirring  up  of  sediment  from  shallow  depths  by 
wave  action,  the  materials  for  the  detrital  accumulations  he  may 
have  before  him,  and  which  may  alone  contain  the  remains  of 
marine  life,  should  the  arrangement  of  their  inorganic  compo- 
nent parts  merely  point  to  a  deposit  from  mechanical  suspension 
in  water,  he  might  still  be  at  a  loss  as  to  the  direction  or  .cha- 
racter of  the  dry  land  of  the  time.  A  study  of  the  charts 
of  many  different  regions  will  show  tliat  mud  is  found  as  well 
near  coasts  as  remote  from  them,  according  as  the  required  tran- 
quillity for  deposit  and  subsequent  rest  may  prevail,  though  as 
a  whole  wind-wave  action  upon  sea-bottoms 'at  depths  where  it 
can  have  influence  tends  so  to  sift  those  bottoms  as  to  remove 
muddy  sediment  further  away  from  land  than  sand. 

When  all  the  modes  of  distributing  detrital  matter  above- 
mentioned,  as  now  in  progress  in  tidal  or  tideless  seas  (pp.  72, 
88),  are  combined  with  movements  of  dry  land  and  sea-bottoms, 
sometimes  upwards,  at  others  in  the  contrary  direction,  it  is 
evident  that,  in  addition  to  the  consequences  of  such  movements 
on  coasts  and  sea-bottoms  adjoining  them,  it  might  often  happen 
that  considerable  areas  may  be  elevated  or  depressed  in  the  sea 
itself  without  rising  above  its  surface  into  the  atmosphere. 
Mere  points  constituting  their  higher  portions  may  now  and 
then  be  protruded  and  be  acted  upon  by  breakers  and  atmo- 
spheric influences,  the  detritus  thence  arising  being  scattered 
around,  and  arranged  by  tidal  streams,  or  transported,  espe- 
cially the  finer  matter,  in  a  broader  and  more  distant  manner  by 
ocean  currents,  still  able  to  force  their  way  amidst  these  minor 
obstacles  to  their  courses.  The  floor  of  the  ocean  is  not  yet  so 
well  known  as  probably  it  will  be  at  some  future  time,  when 
systematic  researches  in  this  direction  may  be  deemed  important 
by  maritime  nations.  The  depths,  nevertheless,  of  certain 
points  have  been  ascertained,  more  especially  of  late  years,  suf- 
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ficient  to  render  it  probable  that  very  important  aid  to  geological 
inferences  would  be  obtained  by  more  extended  information  on 
this  head. 

While,  on  the  one  hand,  the  distribution  of  detritus  outwards 
by  the  great  rivers  of  the  world,  draining  large  portions  of  con- 
tinents and  pushing  forward  their  deltas,  has  to  be  well  borne  in 
mind,  on  the  other,  such  changes  as  shall  raise  a  mass  of  sea-bot- 
tom, scattered  higher  portions  of  which  may  or  may  not  now  rise 
into  the  atmosphere,  should  receive  their  due  attention.  If  the 
extent  of  sea-bottom,  above  which  various  points  rise  and  form 
the  multitude  of  isles  and  islets  of  the  Polynesian  groups  in  the 
Pacific,  were  to  be  gradually  elevated  so  as  to  constitute  some 
great  continent  of  dry  land,  no  great  deltas  would  be  raised — at 
least  none  now  in  progress — whatever  former  conditions  of  that 
part  of  the  earth's  surface  may  have  produced ;  and  it  would 
only  be  by  degrees  that  the  drainage  of  the  new  land  farmed 
rivers,  these  uniting  into  larger  streams  as  the  dry  land  became 
extended,  some,  perhaps,  finally  of  the  magnitude  and  import- 
ance of  the  present  great  rivers  of  the  world.* 

Although  detrital  matter  deposited  from  mechanical  suqiensicm 
in  water,  and  arranged  in  layers  and  beds,  may  not,  from  the 
structure  of  the  interior  portions  of  the  layers  or  beds  themselves, 
present  much  information  as  to  the  depths  of  the  water  beneath 
which  they  have  been  accumulated,  while  they  may,  as  they 
often  do,  exhibit  the  proof  of  a  multitude  of  very  thin  layeis 
having  been  thrown  down  above  each  other,  (as  many,  perhaps, 
as  twenty  or  thirty  of  these  in  one  inch  of  depth,)  their  surfaces 
often  aid  most  materially  in  afibrding  valuable  information  on 
this  head.  It  frequentiy  happens  that  the  under  surfaces  may 
be  useftd  as  well  as  the  upper,  inasmuch  as  they  oflien  give  the 

*  If  the  observer  will  foUow  out  thu  snpposed  nprise  of  the  area  in  qneBdon, 
he  will  find  namerons  subjects  of  interest  connected  with  it,  which,  though  maay 
may  be  sufficiently  obyious,  such  as  the  mode  of  occurrence  of  the  coral  accomo- 
latioDs  now  in  progress,  their  modifications  as  the  dry  land  became  extended, 
the  effects  of  tides  and  altered  courses  of  ocean  currents  during  the  changei 
the  modified  distribution  of  animal  and  vegetable  life  on  the  land  and  in  the 
seas  adjoining,  the  chances  of  salt  or  fresh  water  lakes,  mediterranean  seas, 
or  the  like,  are  yet,  collectively,  of  importance  to  be  well  borne  in  mind  while 
he  may  be  occupied  upon  the  geological  e£fecta  which  would  thence  arise. 
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imprint  of  the  former  condition  of  the  surface  of  layers  or  beds 
which  they  cover,  the  materials  of  which  were  of  a  perishable 
kind  when  raised  into  situations  where  the  percolation  of  water 
either  softened  or  even  removed  them.  Thus  the  upper  surfaces 
of  shales,  or  hard  clays,  may  be  converted  into  mud  or  soft  clay, 
in  which  all  traces  of  their  ori^nal  state  are  lost,  while  some 
sandstones  above  them,  the  consolidated  sand  which  covered  over 
the  impressions  left  in  these  surfaces  of  clay  or  hard  mud,  pre- 
serve reversed  impressions  of  the  state  of  the  old  sea-bottom 
before  it  was  covered  up.  Under  the  conditions  which  so  fre- 
quently present  themselves,  while  alternating  or  intermingled 
beds  of  shales,  clays,  and  sandstones  are  under  examination, 
and  occasionally,  also,  limestones,  and  it  is  considered  desirable, 
if  possible,  to  trace  the  state  of  the  upper  surfaces  of  the  mud  or 
clay  before  they  were  covered  up,  the  under  surfaces  of  the  pre- 
sent hard  beds  above  them  should  be  carefully  studied.  The 
search  will  frequently  reward  the  observer  with  an  excellent 
picture  of  such  old  surfaces  of  sea-bottoms,  with  their  various 
markmgs,  even  to  the  impressions  left  by  the  crawlings  or  way- 
tracks  of  the  molluscs  of  the  time.  There  is  a  class  of  surface 
conditions  on  consolidated  layers  of  sand  and  silt  (sandstone  and 
arenaceous  shale),  to  which  the  term  ripple-mark  has  been  ap- 
plied, from  a  supposed  resemblance  to  the  ripple  produced  by 
light  winds  on  water,  or  the  condition  of  many  tracts  of  sand  on 
the  retreat  of  the  tide,  that  would  afford  most  valuable  inform- 
ation as  to  the  depths  at  which  the  layers  or  beds  were  situated 
beneath  water  when  any  such  markings  were  produced,  were  it 
not  that  such  kinds  of  surface  might  frequently,  arise  from 
similar  conditions  at  different  depths.  We  have  previously 
mentioned  (p.  103),  the  friction  of  streams  or  currents  of  water 
on  sandy  surfaces  beneath  them,  ridging  and  frurrowing  the 
yielding  matter.  Such  may  be  often  seen  on  the  siufaces  of 
sandstone  beds,  the  ridges  and  frirrows  well  preserved,  as 
beneath  (fig.  196),  so  that  by  carefully  studjring  the  steep  sides 
of  the  ridges,  the  direction  taken  by  the  moving  water  at  the 
time  may  be  determined.  In  this  case  it  is  assumed  that  a 
section  taken  across  Ki  ab  would  give  that  shown  by  c  d,  one 
pointing  to  the  course  of  the  moving  water  from  a  to  i.     If  we 
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were  snre  of  the  depths  at  which  esistiag  ocean  corrents  swept 
sands  at  the  sea-bottoms  beneath  them,  produdng  surfaces  of 
this  kind,  some  guide  would  be  obtained  to  the  range  of  depths, 
from  a  few  feet  downwards,  at  which,  only  measuriog  by  the 
amount  of  force  now  in  action,  these  effects  could  follow. 
Her^  however,  there  is  much  uncert^ty.  From  the  expoi- 
ment  of  Sir  Edward  Belcher,  off  the  west  coast  of  Africa  (lat 
15"  27'  9"  N.,  and  long.  17°  31'  50"  W.),  it  would  appear  that 
a  current  there  found  moved  with  nearly  the  same  velocity 
(0-75  nautical  miles  per  hour)  at  the  depth  of  240  feet  (40 
fathoms)  as  at  the  surface.  When  we  r^ard  the  great  ocean 
ciurents  of  the  world,  with  the  probable  masses  of  water  put 
into  movement  in  given  directions  at  the  same  time,  it  may 
not  be  impxibable  that  comparatively  con^derable  depths  are 
exposed  to  conditions  where  the  ridging  and  furrowing  of  sand 
and  silt  sea-bottoms  may  be  produced.  The  observer  has  also 
to  recollect  that  as  lai^  sur&ces  of  sea-bottoms  may  be  raised 
or  depressed,  from  some  of  the  more  general  movements  of  the 
solid  parts  of  the  earth's  surface,  very  con^derable  areas  could 
be  brought  up  to  the  action  of  ocean  currents,  or  removed 
beneath  their  influence. 

Upon  carefully  studymg  the  eur&ces  of  great  banks  and  flat 
tracts  of  sand  which  are  somewhat  suddenly  drained  by  a 
retiring  tide,  so  that  they  were  not  much  altered  by  the  action 
of  the  small  waves  or  heavy  breakers  c^  the  time,  as  the  case 
may  be,  the  geolc^jist  will  fr^ueutly  find,  as  already  noticed 
(p.  103),  a  mixed  adjustment  of  inequalities,  partly  due  to  the 
movement  of  the  waves  before  the  superincumbent  water 
passed  away,  and  in  part  to  the  friction  of  this  water  draiimig  off 
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the  banks  and  sandy  flats.  These  ridged  and  farrowed  surfaces 
are  occasionally  somewhat  extensive  when  the  sea  deserts  a 
considerable  area  in  a  short  time,  so  that  friction  is  produced 
rather  suddenly  in  some  general  direction.  This  will  often 
happen  when  there  may  be  a  heavy  sea  on-shore,  as  the  great 
waves  break  at  a  proportionate  distance  outwards  upon  the 
shallows  during  the  progress  of  tiie  ebb-tide,  minor  action  only 
taking  place  nearer  the  coast,  where  the  great  body  moving  out- 
wards, the  ridging  and  farrowing  by  friction  on  the  sands  may 
point  to  the  chief  movement,  with  the  sharp  escarpment  of  the 
furrows  often  seaward,  though  the  wash  of  the  breakers  would 
tend  to  drive  sand  before  them  while  rushing  on  shore. 

Where,  as  on  many  great  banks  dry  at  low  tides  at  the  mouths 
of  estuaries,  tiiere  may  be  a  complication  of  surface  arising 
fix)m  the  wave  movements  anterior  to  tiie  removal  of  the  sea 
from  above  them  and  frt)m  the  friction  of  waters  left  to  drain  off 
them,  the  observer  will  remark,  as  might  be  anticipated,  that 
much  will  depend  upon  the  state  of  the  weather  and  tides  of  the 
time.  Calms  would  leave  friction-markings  such  as  might  arise 
fit)m  the  movement  of  a  stream  of  water  over  a  sand-bank  before 
it  was  left  by  the  tide,  more  than  gales  of  wind,  since  the  wash  of 
the  breakers,  as  its  action  was  felt,  would  pass  over  and  tend  to 
obliterate  the  ridges  and  fturows  due  simply  to  the  stream  of 
tide.  The  more  sudden  retreat  of  the  sea  during  the  chief 
spring-tides,  from  the  same  depths,  would  tend  also  to  leave  the 
surface  of  a  sand-bank  more  marked  by  any  furrowing  from  the 
previous  flow  of  a  stream  of  tide  over  it,  other  circumstances 
being  equal,  than  a  neap-tide,  during  the  descent  of  which, 
wave-action  might  be  continued  for  a  longer  time  after  the 
stream  of  tide  ceased  to  be  felt  on  the  surface  of  the  bank. 

The  surfaces  of  some  layers  and  beds  of  rock  so  resemble 
those  which  are  seen  in  tiie  last-mentioned  situations,  particu- 
larly when  sufficiently  large  portions  of  them  are  exposed,  either 
on  coasts  or  amid  highly-inclined  strata  in  mountainous  regions, 
even  to  the  apparent  minor  drainage  of  waters  off  sand-banks, 
that  the  inference  of  these  surfaces  having  been  produced  on  or 
near  tidal  coasts  (p.  103)  somewhat  forces  itself  upon  an 
observer.    At  tiie  same  time  he  will  have  properly  to  weigh  the 
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probable  e^cts  due  to  wind-waves  on  sea-bottoms  at  different 
depths  beneath  (p.  102),  and  the  power  thus  brou^t  into 
actioii  of  disturbing  such  bottoms,  octsafflonallj'  sifting  their  txHi' 
atitnent  parts,  so  that  a  tranqoilly-formed  deposit  of  mud  may 
cover  an  uoequally-dispoeed  sur&ce  of  sand,  produced  while 
the  agitation  of  the  sea  continued.  Many  aur&ces  of  rocks 
strongly  remind  ua  of  looee  matter  thus  moved  about  by  the 
to-and-fro  action  of  an  a^tated  sea  above,  in  the  same  manner 
as  sand  may  be  readily  acted  upon  by  agitating  water  above 
it  in  conTenientiy-fbrmed  vessels  of  sufficient  dimensions.  Such 
approximations  to  the  ridges  and  Autows  of  fnction  upon  sands 
and  silts  in  one  ffrsa  direction  should  be  well  distinguished 
Irom  the  latter.  These  sections,  instead  of  being  as  above 
represented  (fig.  196),  are  usually  more  undulating  or  even- 
sided,  the  sur&ces  varying  from  obscure  ranges  of  depressions, 
a,  b,  (fig.  197)  and  those  somewhat  resembling  the  sharp  ridges 
Fift.197. 


and  furrows  of  ciurent  or  stream  action,  c,  to  unequally- 
distributed  and  variably-formed  elevations  and  depreasiiHis 
(fig.  198),  which  require  also  to  be  well  separated  from  con- 
cretions, to  be  noticed  hereafter,  and  which  sufficiently  juxta- 
posed may  jR^sent  a  somewhat  nmilar  appearance. 
Kg.  198. 


With  regard  to  the  surfaces  of  sea-bottoms,  now  consolidated 
into  hard  layers  and  beds  of  rock,  attention  should  be  paid  to 
the  probable  modifications  of  them,  even  at  great  depths,  by  the 
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passage  of  earthquake  movements,  shaking  these  sur&ces  in 
contact  with  the  superincumbent  water.  In  some  regions,  such 
movements  can  scarcely  be  otherwise  than  frequent,  the  force 
employed  being  sometimes  so  considerable,  and  its  application 
repeated  in  such  quick  succession,  that  the  finer  sediment  may 
be  shaken  up  into  a  mechanical  suspension,  whence  it  would 
require  some  lapse  of  time  again  to  settle  and  cover  over  the 
heavier  bodies,  taking  superficial  arrangements  according  to  the 
vibrations  produced  by  the  earthquake,  the  kind  of  substances 
acted  upon,  and  their  mode  of  previous  distribution.  In  cases 
of  fissures  produced  beneath  the  sea,  as  on  land,  during  earth- 
quakes, the  consequent  disturbance  of  adjoining  sea-bottoms 
has  also  to  be  regarded.  Thus  the  efiects  of  the  transmission 
of  earthquake  vibrations  both  on  the  large  and  minor  scales, 
those  of  the  great  sea-wave,  and  of  the  smaller  movements  pro- 
duced by  the  contact  of  the  sea-bottom  and  water  above  it,  the 
earthquake  vibration  travelling  faster  through  the  former  tiian 
the  latter,  have  also  to  be  borne  in  mind  when  the  surfaces  of 
sea-bottoms  of  even  the  oldest  geological  times  are  under  con- 
sideration, and  the  geologist  is  endeavouring  to  deduce  from 
them  the  probable  depths  of  water  beneath  which  they  took  the 
forms  presented  to  his  attention.  Submarine  areas  thus  dis- 
turbed, and  the  sur&ces  of  the  sea-bottoms  moved,  could 
scarcely  often  be  otherwise  than  considerable,  the  efiects,  no 
doubt,  modified  by  relative  depths  of  the  water,  the  facility 
with  which  the  vibrations  may  be  transmitted  through  the 
various  supporting  bodies,  and  the  like.  Ridges  and  furrows 
may  be  raised  in  certain  localities  by  the  onward  courses  of 
chief  sea-waves  in  the  shaUower  waters,  and  not  be  again  wholly 
obliterated,  though  often  modified  in  form  before  they  were 
finally  covered  up  and  secured  in  shape  until  constituting  a 
portion  of  hard  rock. 

While  there  may  often  be  much  uncertainty  as  to  tiie  depths 
at  which  the  component  parts  of  layers  and  beds  of  rock,  even 
with  ridges  and  furrows  on  their  -sivfaces,  have  been  thrown 
down  from  the  waters  in  which  they  have  been  .previously  held 
in  mechanical  suspension,  when  unaided  by  other  evidence,  the 
arrangement  of  parts  resulting  from  the  pushing  of  detrital 
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matter  forward  on  the  bottom  often  seems  to  point  to  somewhat 
shallow  waters.  In  this  case,  again,  as  the  depth  is  uncertain 
to  which  currents  may  act  on  sea-bottoms,  these  unequal,  like 
those  at  the  edge  of  the  soundings  of  1200  feet  (200  &thoiD8), 
from  Spain  round  the  British  Islands  to  Norway  (p.  531),  so 
that  sedimentary  matter  derived  from  adjacent  lands  is  transr 
ported  and  pushed  along  the  bottom  into  the  hollows,  the  like 
effects  may  be  produced  at  fax  greater  depths  than  is  usually 
inferred.  Supposing  an  ocean  current  or  tidal  stream  so  to 
act  as  to  push  forward  detrital  substances  from  some  land 
affording  the  required  amount  of  increase  to  the  general  mass 
of  previous  accumulations,  much  in  the  same  manner  as  that 
to  which  Mr.  Austen  has  called  attention,*  so  that  after 
spreading  over  a  somewhat  level  searbottom,  the  general 
increase  had  to  be  provided  for  still  further  outwards  over 
uneven  ground,  the  matter  thus  shoved  on  would  have  to  &I1 
over  into  deeper  waters,  and  arrange  itself  much  as  on  the  out- 
skirts of  rivers  delivering  their  detritus  into  deep  and  tideless 
seas  or  other  still  waters  (p.  52).  In  this  manner,  even 
sandy  beds,  affording  sections  of  the  component  layers  arranged 
diagonally  to  their  upper  and  under  surfiu^es,  might,  as  before 
mentioned  (p.  77),  extend  over  large  and  flat  accumulatioos 
of  mud,  thrown  down  from  mechanical  suspension. 

Diagonal  arrangements  of  the  minor  parts,  resulting  fitmi 
this  pushing  action  along  the  bottom,  are  very  conunon  in  many 
sandstones,  as  well  as  those  which,  from  their  occasional  organic 
contents,  leave  little  room  to  doubt  were  formed  beneath  the 
sea,  as  in  those  so  fr^uent  in  many  parts  of  the  coal-measure 
accumulations  (p.  585).  These  arrangements  are  sometimes 
diversified  in  a  way  to  show,  that  while  some  of  the  sandy 
matter  has  thus  been  forced  or  brushed  onwards  on  the  bottom, 
the  same  kinds  of  sand  were,  at  other  times,  thrown  down  in 
horizontal  layers,  more  pointing  to  deposit  from  mechanical  sus* 
pension.  Instances  of  this  kind  are  not  rare.  The  foUowii^ 
section  (fig.  199)  of  the  arenaceous  beds,  fomung  a  kind  of 
passage  from  the  old  red  sandstone  in  parts  of  Ireland  to  the 

*  Austen,  on  the  Valley  of  the  English  Channel ;  Journal  of  the  Geological 
Society  of  London,  vol.  vi. 
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lower  and  usually  shaly  beds  of  the  carboniferous  limestone, 
(the  yellow  sandstone  series  of  Mr.  Griffith),  may  be  found 
useful.* 

Fig.  199. 


«i     ^=? 


In  this  section,  forming  only  a  portion  of  a  far  more  con- 
siderable thickness  and  extent  of  beds,  exhibiting  general  evi- 
dence of  the  like  kind,  a  horizontal  deposit  of  sand  (e),  probably 
firom  mechanical  suspension,  is  covered  by  a  silt  {d\  apparently 
also  accumulated  in  the  same  manner.  To  this  layer  succeed 
two  beds  (c,  b\  pointing  to  an  accumulation  from  sands  pushed 
or  brushed  along  the  bottom,  there  having  been  a  sufficient 
pause  to  make  a  surface  between  them.  This  condition 
changed,  and  horizontal  layers  (a)  were  again  formed. 

The  following  section  (fig.  200)  will  serve  to  show  that  the 

Fig.  200. 


*  The  section  was  obtidned  at  Clonea  Baj,  Connty  Waterfbrd,  an  interesting 
locality  for  the  study  of  the  upper  part  of  ^e  old  red  sandstone  series  and  the 
lower  part  of  the  carboniferous  limestone^  more  especially  when  taken  in  con- 
nexion with  the  development  of  equivalent  accnmulations  at  the  Hook  Point, 
County  Wexford,  on  the  eastward,  and  the  country  near  Cork,  and  extending 
thence  by  Cape  Clear  to  Bantry  Bay.  The  whole  is  highly  illustrative  of  con- 
temporaneous accumulations  of  this  geological  date,  modified  by  the  con- 
ditions iinder  which  they  have  been  formed,  such  as  varieties  of  the  sedi- 
mentary matter  carried,  pushed  forward,  or  thrown  down,  according  to  distance 
fk^m  its  supply,  and  different  depths  of  water. 


614  BEDS  FORMED  BT  UNEQCAL  DRIFT. 

like  nneqnal  distribution  of  component  parts,  even  extending 
to  gravel  drifts  amid  sandy  and  muddy  sediment,  is  to  be  found 
among  still  older  fosBiliferous  deposits,  being  one  among  many 
others  to  be  seen  on  the  ascent  of  the  Glydyr  Vawr,  on  the 
north-east  of  Snowdon,  where  the  lower  Silurian  rocka  are  much 
mingled  with  Tolcanic  accumulations  of  that  geo1(^cal  time. 
Among  some  rocks  the  exposed  surfaces  as  well  as  sections 
point  so  much  to  the  shifUng  of  minor  streams  or  currents, 
sufficient  to  carry  forward  pebbles  of  fwr  size,  the  general 
accumulations  pointing  to  repeated  action  of  this  kind,  that, 
looking  at  the  forces  of  existing  currents,  these  deposits  would 
generally  seem  referable  to  shallow  waters.  Tlie  accompa- 
nying section  (fig.  201)  of  old  red  sandstone  at  Ross,  Here* 
fordsbire,*  of  a  kind  common  to  much  of  the  same  series  of 
deporats  in  that  and  adjoining  districts,  will  illustrate  this  mode 
of  occurrence. 

Fig.  201. 


When  the  distnrbing  power  of  wind-wave  action  upon  sea- 
bottoms,  to  whatever  depth  that  power  may  sometimes  extend, 
as  also  the  modificatioa  of  surfaces  which  may  be  produced 
during  earthquakes,  are  regarded,  as  also  any  greater  ribra- 
tions  of  the  sea-bottom,  should  larger  masses  of  water  be 
thrown  into  movement  by  ibrces  of  a  similar  kind,  but  of  far 
greater  intensity  than  anything  known  as  an  earthquake, 
it  will  be  obvious  that  tranquil  alterations  of  the  depths  at 

<a  bj  CapUin  Jamei,  R.E. ;  Memoir*  of  tbe 
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which  the  sea-bottom  of  any  geological  time  may  be  sub- 
merged,  would  produce  modifying  effects  of  a  marked  kind. 
Surface  beds  which  have  been  accumulated  in  one  manner, 
may  be  remodelled  in  another.  For  example,  diagonally- 
arranged  portions  of  unconsolidated  beds  may  be  worked  back- 
wards and  forwards  when  exposed  to  the  to-and-fro  motion  of 
water  disturbed  by  the  winds  above,  or  by  the  tides  brought 
into  action,  so  that  their  -streams  are  rendered  more  or  less 
sweeping  by  intermixture  with  shallow-depths  and  the  un- 
equal configuration  of  adjoining  lands.  Though  these  causes 
may  only  modify  the  surfaces  for  the  time  being,  a  repetition  of 
them,  with  oscillations  in  the  movement  of  the  sea-bottoms, 
would  often  produce  complicated  effects,  so  far  as  the  original 
mode  of  deposit  of  any  beds  may,  in  part,  be  subsequently 
altered  ;  even  the  organic  remains  contained  amid  the  detritus 
being  sifted  and  re-arranged  without  much  injury. 

It  is  when  the  structure  of  the  beds  of  detrital  rocks,  and  the 
forms  of  their  surfaces  are  viewed  in  connexion  with  any 
organic  remains  they  may  contain,  that  the  observer  has 
increased  opportunities  of  inferring  the  depth  of  water  beneath 
which  the  layers  or  beds,  have  acquired  the  general  cha- 
racters they  now  present.  With  respect  to  the  mode  in 
which  organic  remiuns  generally  may  be  entombed  beneath 
fresh  waters  or  the  sea,  whether  the  latter  be  tidal  or  tideless, 
we  would  refer  to  the  previous  reqiarks  on  this  subject, 
(pp.  128-236).  Amid  the  detrital  matter,  of  whatever  kind  this 
may  be,  piled  up  in  successive  layers  or  beds,  every  variety  of 
manner  in  which  organic  remains  have  been  enveloped  by  it 
occasionally  presents  itself.  While,  on  the  one  hand,  we  see 
the  shells  of  molluscs  precisely  in  the  positions  in  which  these 
animals  buried  themselves  in  the  mud,  silt,  or  sand,  of  the 
time,  according  to  their  habits ;  at  others,  we  find  the  frag- 
ments of  shells  or  corals  in  multitudes,  dealt  with  and  arranged 
like  ordinary  mineral  substances,  precisely  as  may  ofl;en  be 
found  at  the  present  day,  and  especially  amid  coral  accumula- 
tions on  the  large  scale,  such  as  among  the  Great  Barrier 
Bee&  of  Eastern  Australia. 

The  occurrence  of  organic  remains  in  the  situations  where 
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the  animals  liyed  and  died,  affords  direct  proof  that  the 
fluviatile,  lacustrine,  estuary,  or  sea-bottoms,  thus  containing 
these  remains,  have  not  been  broken  up  and  re-arranged,  but 
that,  independently  of  consolidation  or  certain  other  modifica- 
tions of  structure,  they  exhibit  plans  and  sections  of  the 
fresh  or  brackish  water,  or  sea-bottom  of  a  particular  geo- 
logical time.  Careful  search  shows  that  this  manner  of 
entombment  is  by  no  means  so  rare  as  might  once  have  been 
considered.  The  occurrence  of  the  remains  of  boring  molluscs 
in  the  holes  formed  by  them  in  rocks,  has  been  already 
noticed,  as  resembling  those  of  any  Pholas  in  limestones  of  the 
present  day  on  the  British  coasts,  (fig.  176) ;  and  it  has  been 
also  stated,  that  during  calcareous  deposits  of  the  same  date 
(inferior  oolite)  several  beds  in  succession  were  drilled  at  their 
surfaces  by  the  same  species,  the  shells  still  in  the  holes  made 
by  their  animals  (p.  561).  With  respect  to  molluscs  piercing 
mud,  silt,  or  sand,  we  may  point  to  the  observations  of  Mr. 
Prestwich,  as  to  the  shells  of  Panopcea,  found  abundantiy  in 
the  vertical  position  common  to  the  habits  of  the  e^i«ti?ig 
species,  in  the  beds  of  the  London  clay  at  Clarendon  Hill,  and 
PanopcBa,  Pholadomya^  and  Pinnay  at  Cuiinell ;  as  also  to  those 
of  Dr.  Fitton,  on  a  similar  mode  of  preservation  of  the  shells  of 
Panopcea  and  Pinna,  in  the  iower  green  sand  of  Southern 
England.*  In  cases  of  this  kind,  it  certainly  is  not  always 
clear  that  the  animals,  thus  in  the  positions  which  their  habits 
required,  were  suddenly  destroyed  by  any  physical  change  in 
the  water  or  the  kind  of  sediment  deposited  above  them, 
though  this  may  be  surmised,  since  in  all  beds  containing 
burrowing  molluscs,  their  shells  may  be  found  in  the  podtions 
where  they  died  under  ordinary  drcumstances.  Be  this,  how- 
ever, as  it  may,  it  proves  that  these  animals  of  the  time  lived 
and  died  in  the  mud,  silt,  or  sand,  now  perhaps  beds  of  hard 
rock,  in  which  their  remains  are  found. 

Many  shells  of  molluscs  so  occur  that  even  the  direction  of 
the  stream  or  current  which  drifted  them  according  to  their 
weights,  volumes,  and  forms,  may  be  inferred,  having  been,  in 
all  probability,  empty  shells  at  the  time,  and  the  same  with  the 

♦  Journal  of  the  Geological  Society  of  London,  vol.  i. 
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fixavia;  of  other  fresh-water  and  marine  animals.  Sometimes, 
as  beneath  (fig.  202),  whole  and  broken  shells  are  found  drifted 
along  the  bottom  with  intervals  of  repose,  during  which  mad 
was  alone  thrown  down. 

Fig.  903. 


Otfl^a.  bcdfl  farniad  of  cUogoiu]  Uren.  campaaed  of  hrokaii  ihellflt  Ibh-teeth,  piee«t  ot 
voad.und  oolitic  gniiu.  lometiian  mere  Ioaild«il  pleCM  cf  ihella,  the  niliou*  >ubatMnt«  lylnjq 
in  tliB  pluia  of  tli«  dl4^na1  Uyvn,  mod  ivaentiDg  fiverj  jippeuuiu  of  havliif  b*«i  ilioind  a- 
ptubed  OTor  the  iporo  luuuoalil  flDTb»fbnn*d  dariog  the  iatfmU  botwnntbeDIld  depodt*, 
b,b,b,b.- 

With  regard  to  the  destruction  of  marine  animals  in  place, 
that  in  volcanic  regions,  certain  gases,  such  as  carbonic  acid, 
sulphuretted  hydrogen  and  others  (p.  373),  when  suddenly 
discharged  into  waters  through  subaqueous  flsBures  or  vol- 
canic vents,  should  destroy  the  animals  to  which  they  find 
access,  would  be  expected  at  all  geological  times  as  well  as 
at  present.  In  like  manner,  subaqueous  fissures  formed  at 
all  periods  during  earthquakes,  and  from  which  gases  have 
been  evolved,  destructive  of  animal  life,  would  be  inferred  to 
have  been  always  followed  by  the  same  results.  So  also  with 
the  heat  communicated  to  waters  during  submarine  volcanic 
eruptions,  or  when  fissures,  formed  during  earthquakes,  reached 
the  depth  of  very  considerable  temperatures.     With  regard  to 

*  TluB  nctioD  wM  taken  aX  ft  qnttrr;  of  Forut  marble,  part  of  the  oolitic 
serio,  at  the  Batts,  Frome,  Somereetsbire.  The  Bath  ooUte,  into  vbich  this 
part  of  the  oolitic  aeriei  graduates,  as  may  be  irell  seen  in  Somersetshire,  is 
often,  in  some  of  its  beds,  nothing  elfe  than  a  modification  of  the  same  thing, 
the  rounded  gniina  of  sbellE  and  corals,  mixed  with  those  of  the  true  oolite, 
(hSTing  concentric  coatings  of  calcareoos  matter,)  being  driited  in  a  similsr 
manner.  Broken  shells,  fish-teeth,  and  other  organic  remains  are  seen  in  the 
sections  of  the  same  neighbonrhood,  occarriag  as  streaks  in  clay,  conditioni 
from  time  to  time  having  occarred,  daring  which  the  deposit  of  the  mass 
of  mud  of  the  beds  termed  Fnllere'  earth,  was  locally  intempled  b;  these  shell 
drifts. 
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waters  impregnated  with  deleterious  gases,  so  long  as  these 
remained  sufficiently  disseminated  in  them,  predaceous  animals 
not  included  in  the  areas  so  affected,  would  be  prevented  firom 
entering  in  order  to  feed  upon  the  multitudes  of  fresh-water 
or  marine  animals  which  may  have  been  killed,  until  their 
remains  were  covered  over  by  fine  sedimentary  matter;  or, 
being  burrowing  creatures  amid  mud,  silt,  or  sand,  until 
the  sedimentary  matter  was  so  adjusted  around  them,  with 
probably  also  a  certain  decomposition  of  the  softer  parts,  as  to 
be  no  longer  desirable  food,  if  even  they  were  attainable. 

Multitudes  of  fossil-fish  are  sometimes  so  found  in  rocks, 
that  their  sudden  destruction,  with  the  preservation  of  their 
bodies  from  predaceous  and  scavenger  creatures,  seems  needful 
in  order  to  account  for  their  mode  of  occurrence,  it  appearing 
also  necessaiy  that  their  entombment  in  the  containing  sub- 
stances was  sufficiently  rapid,  subsequently  to  their  death,  to 
prevent  the  distribution  of  the  various  harder  parts  of  their 
bodies  after  decomposition.  In  all  cases  where  volcanic  action 
can  be  inferred  at  various  geological  times,  at  or  near  the 
localities  where  the  observer  may  have  aqueous  deposits  under 
examination,  and  which  present  the  remains  of  animals  in  a 
condition  showing  that  whole  creatures  have  been  preserved 
without  injury  to  the  arrangement  of  their  harder  parts ;  the 
observer  will  do  well  to  recollect  the  modes  of  entombment 
which  may  now  be  in  progress  in  similar  regions  of  the  present 
day.  He  will  thus  see  organic  remains  among  the  volcanic 
ashes  of  different  geological  times,  even  amid  the  old  accumu- 
lations of  the  Silurian  deposits,  (Ireland,  Wales,)  and  in  such 
positions  as  very  forcibly  to  remind  him  of  the  causes  of 
destruction  and  preservation  which  he  finds,  or  can  fairly  infer 
are  now  in  action. 

Independently  of  any  sudden  destruction  and  entombment 
of  animal  life  in  connexion  with  volcanic  eruptions  or  earth- 
quake movements,  the  study  of  the  old  fresh-water  and  sea- 
bottoms  presents  us  with  the  occurrence  of  animal  remains  so 
preserved,  and  amid  such  substances  that  the  sudden  influx  of 
waters  charged  with  much  fine  matter  in  mechanical  suspension 
may  have  destroyed  multitudes  of  aqueous  animals  in  some 
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given  area.  At  least,  their  remains  are  so  entangled  amid 
this  matter  88  to  lead  to  this  inference.  That  fixed  creatures  or 
others  of  slow  movements  could  thus  readily  be  overwhelmed, 
would  be  expected  under  such  conditions  at  all  geological 
periods.  When,  for  example,  in  the  vicinity  of  Bradford,  the 
Apiocrimtet  of  that  locality  is  found  rooted  upon  a  subjacent 
calcareous  bed  (one  of  the  oolitic  aeries)  and  entangled  in  a 
seam  of  clay,  its  parts  sometimes  beautifully  preserved,  it  may 
be  inferred  that  it  was  destroyed  by  an  influx  of  mud,  Irom 
which  it  could  not  escape.  In  like  maimer  also,  the  preserv- 
atioQ  of  long  uniajured  stems  of  vanons  encrinites  found  amid 
the  Silurian  and  other  older  deposits,  on  the  surfaces  of  lime- 
stone and  other  rocks,  and  baring  had  a  covering  of  fine  sedi- 
ment, would  appear  to  be  explain^.  Sometimes,  as  in  the 
lias  of  Golden  Cope,  near  Lyme  Regis,  multitudes  of  belem- 
nites,  some  witht  even  the  ink-bag  of  these  molluscs  preserved, 
so  form  a  seam  of  organic  remains,  that  the  observer  is  led  to 
infer  a  sudden  destruction  of  thousands  of  them  over  a  mode- 
rats  area.  Ammonites  arc  also  sometimes  found  in  great 
numbersi  distributed  in  a  depth  of 'only  a  few  inches,  over  areas 
of  a  square  mile  or  more,  as  if  suddenly  destroyed.  The 
beautiful  bed  of  myriads  of  ammonites  occurring  amid  the  lias 
of  Marston  Magna,  Somerset,  was  a  good  case  of  this  kind. 
It  sometimes  happens  that  the  shells  of  molluscs  show  that 
when  their  animals  were  entombed,  the  space  occupied  by 
their  bodies  prevented  the  entrance  of  the  sediment  which 
enveloped   them.      The   following  section   (fig.   203)   of  an 

Fig.  203. 


ammonite  (lias,  Lyme  Regis)  may  be  taken  as  an  example  of 
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this  mode  of  occurreDce.  All  the  chambers  of  the  ammonite 
are  filled  by  carbonate  of  lime,  infiltrated  into  their  hollows, 
beyond  which  there  is  a  space  apparently  occupied  by  the 
animal  when  overwhelmed  by  the  surrounding  calcareous  mud, 
now  argillaceous  limestone ;  this  space  is  terminated  outwards 
by  sedimentary  matter  (a)  which  entered  so  much  of  the  shell 
as  the  retreat  of  the  animal  permitted.  In  this  case  the 
intruding  sediment  has  become  highly  impregnated  with  dark- 
coloured  matter,  as  if  efiected  by  the  decomposition  of  the 
animal  within.  Such  deposits  as  clays  and  argillaceous  lime- 
stones, the  latter  especially,  from  the  usual  consolidation, 
without  much  pressure,  of  the  matter  around  the  organic 
remains,  are  very  favourable  for  observations  of  this  kind, 
numerous  shells  of  molluscs  appearing  to  show  that  theilr 
animals  may  have  been  in  them  at  the  time  of  their  entombment 
In  such  researches  attention  should  be  paid  to  the  positions  of 
the  shells  in  the  beds,  and  the  forms  of  their  interior  cavities, 
so  that  the  entrance  of  sediment  might  be  prevented  by  such 
positions  and  forms.  Multitudes  of  examples  are  foimd  in 
certain  areas  and  deposits  where  the  presence  of  the  animals  in 
their  shells  would  seem  required.  When  we  consider  the  pro- 
bable voracity  of  numerous  creatures  in  fresh  and  sea  waters, 
and  the  multitudes  of  scavenger  animals  consuming  decayed 
animal  matters  at  all  geological  times,  the  discovery  of  cer- 
tain aqueous  reptiles  preserved  entire  amid  rocks,  even  with 
the  contents  of  their  intestines  preserved,  leads  us  to  infer  that 
their  entombment,  if  not  also  their  death,  was  sudden.  And 
this  appears  the  more  probable  when  we  find,  as  often  happens, 
that  in  the  same  deposits  the  same  kinds  of  aqueous  reptiles  are 
dismembered,  as  if  by  predaceous  animals  feeding  upon  them. 
While  at  times,  in  the  lias  of  Western  England,  the  skeletons 
of  Icthyosauri  and  Flesiosauri  are  so  well  preserved  that  all,  or 
nearly  all,  the  bones  are  in  their  proper  relative  situations ;  even 
their  skins  preserved,  and  the  contents  of  their  intestines,  at  the 
time  of  death,  in  their  right  places ;  at  others,  the  bones  of  these 
reptiles  are  dispersed,  though  not  always  far  removed  from  the 
place  where  the  animals  died.  In  fact,  the  appearances  pre- 
sented are  precisely  those  of  decomposition  having  been  so  far 


DISTRIBUTION  OF  ORGANIC  REMAINS.  621 

advanced  that  the  scavenger  animals  could  feed  upon  the  car- 
cases,  and  drag  the  bones  short  distances,  so  as  somewhat  to 
scatter  them. 

Every  mode  of  the  occurrence  of  organic  remains  should  be 
carefully  considered,  and  viewed  with  reference  not  only  to 
the  district,  as  regards  the  depths  of  water,  and  the  probable 
form  of  any  neighbouring  land,  but  also  as  to  the  general  dis- 
tribution of  marine  life  at  equivalent  geological  times  over 
much  more  extended  areas.  The  endeavour  to  obtain  a 
general  view  of  the  distribution  of  life  over  great  surfaces  at 
given  geological  times,  as  well  as  of  the  deposits  effected  during 
those  lapses  of  them  to  which  given  names  have  been  assigned, 
would  appear  especially  needful.  Experience  has  taught 
geologists  that  many  a  genus  of  marine  animals,  the  remains 
of  which  were  at  first  found  only  in  particular  beds  of  various 
districts,  have  been  discovered  in  the  deposits,  both  of  more 
ancient  and  more  modem  periods;  as  also  that  as  regards 
species,  these  will  be  observed  in  certain  districts  to  have  a 
wider  range  than  in  others,  through  a  section  of  consecutive 
sea-bottoms. 

It  would  seem  essential  that  an  observer  should  well  weigh 
the  evidence  of  the  distribution  of  the  ammal  and  vegetable 
life  of  different  geological  times,  as  exhibited  by  organic 
remains,  with  reference  to  the  probable  distribution  of  land  and 
water  of  those  times,  and  the  consequent  variation  of  depths  of 
seas,  kinds  of  bottom,  forms  of  coasts,  discharge  of  rivers  into 
the  sea,  fresh-water  accumulations,  and  the  like.  He  should 
refer  to  the  depths  at  which  animal  and  vegetable  life  is  now 
known  to  exist  in  the  sea  (p.  168),  with  the  forms  and  kinds 
of  both  found  under  the  different  conditions  of  heat,  light, 
and  shelter  from  violent  movements.  He  can  scarcely  neglect 
the  views  of  naturalists,  as  to  the  distribution  of  existing  animal 
and  vegetable  life,  over  the  surface  of  the  globe ;  the  spread 
of  the  different  kinds  under  the  circumstances  fitted  for  each 
respectively ;  the  overpowering,  as  it  were,  of  some  by  others, 
the  centres  or  localities  whence  species  are  inferred,  under 
favourable  circumstances,  to  have  been  diffused,  and  the  repre- 


622  DISTRIBUTION  OF  ORGANIC  REMAINS. 

sentatives  of  different  species  in  different  localities.*  Tlie 
various  supposed  equivalent  accumulations,  chiefly  sea-bottoms, 
have  to  be  carefully  dissected  to  ascertain  the  probable  con- 
ditions under  which  the  remains  of  life  entombed  in  them  have 
been  gathered  into  the  situations  where  they  are  now  difi- 
covered,  and  the  life  itself  was  then  adjusted.  At  all  geo- 
logical times  when  waters  existed,  they  would  arrange  them- 
selves according  to  the  laws  now  governing  their  position  as  to 
temperature,  and  they  would  possess  the  same  properties  with 
respect  to  light  and  pressure,  f  All  masses  of  water  would  also 
tend  to  be  moved,  as  now,  by  the  great  causes  of  ocean  cur- 
rents and  tidal  streams,  however  modified  these  may  have  been 
by  tile  manner  in  which  dry  land  presented  itself  amid  the 
ocean,  at  any  particular  geological  period. 

At  tiie  same  time  that  all  due  attention  is  paid  to  these  cir- 
cumstances, it  becomes  also  necessary  to  bear  well  in  mind  the 
modifications  and  changes  which  would  arise  from  the  move- 
ments of  the  crust  of  the  earth  elevating  or  depresang 
mineral  masses,  so  that  sometimes  they  were  above  the  sea 
level,  sometimes  beneath  it.  To  advert  again  to  the  change 
produced  by  the  submergence  of  the  Isthmus  of  Panama,  and 
the  junction  of  the  Atiantic  and  Pacific  Oceans,  the  land 
descending  to  the  moderate  (geological)  depth  of  1,000  feet, 
relatively  to  these  oceans.  By  recent  observations  it  would 
appear,  that  the  summit  level  (named  Baldwin's)  is  299  feet 


*  As  regards  works  on  the  distributioii  of  animal  and  vegetable  life,  the 
observer  may  conveniently  consult  the  text  and  maps  of  Johnston's  "  Pfaysieal 
Atlas."  For  the  geographical  distribution  of  plants,  reference  can  be  made  to 
the  works  of  Humboldt  and  Shouw,  and  the  Reports  by  Griesbach  (translated 
by  the  Ray  Society).  The  distribution  of  fishes,  a  subject  of  considerable 
geological  interest,  has  received  much  attention  from  Sir  John  Richardson  in 
his  '*  Fauna  Boreali-Americana,"  and  British  Association  Reports. 

t  Assuming  that  the  saline  contents  and  their  proportion  to  the  waters  have 
not  been  materially  different  during  the  lapse  of  time,  since  animals  existed  in 
the  seas  and  fresh  waters  of  the  world.  As  respects  the  adjustment  of  marine 
animals  to  light,  the  eyes  of  trilofnies.  crustaceans  found  among  the  oldest 
fossiliferous  deposits,  have  often  been  pointed  out  as  satisfactory  proof.  Valu- 
able remarks  on  this  head  will  be  found  in  Dr.  Bnckland's  Bridgewater 
Treatise,  vol.  i.  p.  396. 
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above  the  sea,  so  that  when  the  depression  had  continued  to 
600  feet,  there  would  be  a  channel  above  this  height  deeper 
than  between  Dover  and  Calais ;  and  when  the  submersion  to 

■ 

1)000  feet  had  been  completed,  one  deeper  than  any  part  of 
the  North  Sea,  or  the  channels  between  Great  Britain  and 
Ireland,  or  these  islands  and  France,  one  nearly  correspond- 
ing Math  the  line  of  100  fathoms,  extending  from  Spain,  out- 
side the  British  Islands,  to  Norway  (fig.  65). 

By  comparing  a  map  of  the  Americas,  with  the  land  which 
would  be  under  the  ocean,  if  this  movement  of  depression 
were  carried  out,  gradually  diminishing  no  further  than  20^ 
of  latitude  on  each  side  of  the  isthmus,  the  great  modification 
likely  to  arise  from  the  free  passage  of  the  waters  of  the 
Atlantic  into  those  of  the  Pacific,  and  the  difierence  of  the 
surface  of  dry  land  will  be  obvious.*  It  is  by  carefully  con- 
sidering a  few  areas  of  the  present  dry  land  in  this  manner, 
with  regard  to  the  effects  of  depression  or  elevation,  .as  the 
case  may  require,  that  the  observer  will  readily  perceive  how 
needful  it  is  for  him,  when  endeavouring  to  trace  the  distribu- 
tion of  the  life  of  any  particular  geological  time,  well  to  weigh 
the  consequences  of  such  changes  ;  whether,  on  the  one  hand, 
they  permit  a  minglmg  of  species  previously  separated,  or 
separate  some  given  area^  distinguished  by  the  presence  of 
some  marked  species  into  two  parts,  one  or  both  of  which  were 
subsequently  subjected  to  different  conditions. 

Inasmuch  as  we  find  marine  animal  life  adjusted  to  certain 
conditions,  among  which,  from  the  labours  of  Professor  Edward 
Forbes,  and  other  naturalists,  depths  ef  water  may  be  con- 
sidered, all  other  circumstances  being  the  same,  to  have  an 
important  influence ;  reasoning  from  the  known  to  the  unknown, 
we  should  expect  an  adjustment  of  a  similar  kind  to  have 
extended  back  to  the  earliest  state  of  the  earth's  surface, 


*  With  regard  to  the  difierenoes  in  the  levels  of  the  Pacific  and  Atlantic  on 
the  shores  of  the  Isthmus  of  Panama,  the  researches  of  Mr.  Lloyd  would  give 
a  higher  relative  level  to  the  former,  to  the  amoont  of  3*  52  feet.  High- water 
mark  at  Panama  is  stated  to  be  13*55  feet  above  that  of  the  Gulf  of  Mexico,  at 
Chagres;  while  it  is  only  6*51  lower  at  low  water  on  the  Pacific  side. — 
Plulosophical  Transactions,  1830. 
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when  water,  fitted  for  life,  washed  the  shores  of  continents  and 
islands.  £yen  under  the  hypothesis  of  a  heat  of  the  earth's 
solid  crust  at  former  times,  sufficient  to  keep  the  waters  dis- 
persed as  oceans  and  seas  above  it,  at  equal  temperatures  at 
certain  depths,  independently  of  solar  heat,  littoral,  shallow  and 
deep  water  conditions  would  be  expected  to  have  had  their 
influence,  more  particularly  when  combined  with  differences  in 
sea-bottoms,  and  position  as  to  shelter  from  wind- wave  action, 
tidal-streams,  or  ocean-currents.  At  all  events,  it  would 
appear  most  desirable  that  the  observer,  having  before  bim  the 
advantage  of  the  sea-bottoms  of  difierent  geological  times,  with 
organic  remains  variously  distributed  among  them,  should 
endeavour  to  trace  out  differences  and  resemblances  of  this 
kind,  carefully  considering  the  evidence  afforded  by  the  phy- 
sical structure  of  tiie  fossiferous  rocks  in  connexion  with  that 
presented  by  the  contained  organic  remains.  It  may  be  that 
certain  forms  of  the  shells  of  molluscs,  for  example,  are  de- 
ceptive, so  that  the  palaeontologist  may  not  always  reason 
safely  when  referring  some  to  animals  similar  to  those  now 
living  near  shores  or  in  shallow  or  deep  waters ;  and  that  these 
last  may  be  found  to  vary  at  the  present  day  more  than  is  now 
known ;  still  the  investigation  can  scarcely  but  be  productive 
of  an  approximation  to  the  knowledge  sought,  the  general 
evidence,  be  it  what  it  might,  pointing  out  those  modes  of 
occurrence  which  may  be  ultimately  seen  to  be  somewhat  con- 
stant ;  while  others,  though  they  present  themselves  in  a  more 
uncertain  manner,  may  yet  be  important  as  regards  the  general 
subject. 

As  the  researches  of  naturalists  show  that  whether  we  rise 

« 

high  into  the  atmosphere,  or  descend  deep  into  the  sea,  the 
conditions  for  the  existence  of  life,  under  various  adjustments 
and  modifications,  temdnate ;  it  follows  that  the  great  muta- 
bility of  the  eartii's  surfieu^,  as  respects  both  conditions,  could 
scarcely  fail  to  produce  great  changes  in  that  life,  independ- 
ently of  those  made  inherent  to  it  as  created.  The  separa- 
tion of  great  areas  of  dry  land  into  minor  portions  has  been 
above  mentioned,  as  producing  even  the  extinction  of  certain 
kinds  of  terrestrial  life,  while  at  others  it  may  have   pre- 
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served  parts  of  it  and  mingled  some  together.  Upon  the 
descent  of  a  continent  beneath  the  sea  (and  the  researches 
of  the  geologist  teach  him  the  necessity  of  such  submersions, 
as  well  as  that  the  dry  lands  for  the  time  have  been  chiefly 
raised  from  beneath  seas  into  the  atmosphere)i  any  terrestrial 
life  peculiar  to  it  would  be  destroyed,  though  evidence  of  its 
existence  might  be  preserved  amid  mineral  matter  where  cir- 
cumstances permitted.  In  like  manner  when,  upon  submer- 
gence, shores  ceased  to  present  themselves,  the  littoral  marine 
animals,  previously  inhabiting  them,  and  moving  to  the  coasts 
as  these  retreated  upon  the  descent  of  the  main  mass  of  land, 
would  be  expected  also  to  have  disappeared,  unless  able 
wholly  or  in  part  to  have  adjusted  themselves  to  the  new 
conditions.  When,  however,  zone  after  zone  of  the  marine 
vegetation  disappeared  as  the  circumstances  fitted  for  its  growth 
ceased,  the  animals  which  fed  upon  the  plants  would  perish, 
and  with  them  those  which  lived  upon- the  vegetable  eaters, 
unless  they  could  escape  to  other  localities  where  food  of 
the  same  kind,  or  of  others  which  they  could  substitute  for 
it,  was  to  be  found,  and  was  sufficient  for  them.  If,  in  the 
annexed  section  (fig.  204),  a  h  represents  tihe  level  of  the  sea, 

Fig.  204. 
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remaining  constant,  or  nearly  so,  and  c  v  d  the  outline  of 
any  mass  of  land,  partly  in  the  atmosphere  and  partly  beneath 
the  sea,  and  o,  o^  <?,  o^  the  depth  at  which  marine  plants  sup- 
porting the  life  of  a  certain  portion  of  the  marine  fauna  grew, 
the  littoral  portion  of  that  life  would  be  shifted  to  x  x\  upon 
a  submergence  of  the  land  to  &,/,  and  at  the  same  time  a  por- 
tion of  the  sea  bottom  inhabited  by  animals  at  greater  depths 
would  be  brought  lower  down,  so  that  these  would  probably 
also  move  over  the  ground  of  others  previously  adjusted  to  minor 
depths.     Submergence  continuing,  when  it  reached  the  line 
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ffj  /i,  the  shores  would  still  further  be  shifted  to  y,  i/^  with  the 
same  general  consequences  as  before,  and  so  also  with  the 
submergence  to  2,  k.  When  it  reached  /,  m,  the  whole  of  the 
land,  previously  above  water,  would  be  beneath  it,  and  littoral 
life  may  be  considered  to  have  disappeared  when  it  reached  n,p. 
At  the  amount  of  submergence  represented  by  the  line  «,  ^,  the 
whole  of  the  former  dry  land,  with  its  shores  and  any  shallow 
seas  adjoining,  would  be  beneath  the  depths  of  marine  vege- 
tation. In  this  section  the  probable  consequences  of  breaker 
action  on  the  descending  land,  tending  to  plane  it  off,  as  the 
great  Banks  of  Newfoundland  may  have  been  land  to  a  certain 
extent  levelled  out  during  a  gradual  submergence,  have  not 
been  included,  in  order  to  render  the  illustration  simple. 
During,  however,  such  a  submergence  this  action  has  to  be 
well  borne  in  mind,  so  that  the  detritus  thence  arising,  distri- 
buted over  the  sunk  land,  and  entombing  the  remains  of  the 
animal  life  of  the  time,  with  its  variatioDS,  according  to  circum- 
stances, those  of  deep-water  creatures  ranging  over  those  of 
shallow  water,  and  Uttoral  q>ecies,  be  not  neglected. 

With  respect  to  this  covering  of  detrital  deposits  containing 
the  remains  of  littix'al  species  by  others  entombing  those  species 
which  contemporaneously  inhabited  deeper  waters  adjoining, 
the  following  section  (fig.  205)  may  serve  to  show  the  manner 

Fig.  205. 


in  which  this  may  be,  and  appears  to  have  been  accomplisfaedy 
during  the  submergence  of  land  and  its  shores.  If  «,  i,  repre- 
sent the  level  of  the  sea,  and  c,  d,  a  surface  of  land  and  its 
shore  which  has  been  gradually  depressed  beneath  it,  «,  the 
littoral  accumulations  when  k  was  the  coast,  /  and  ^,  those 
when  the  sea  boundaries  were  at  /  and  m,  as  A  is  supposed 
to  be  at  the  time  of  the  section,  there  would  always  be 
deeper  waters  outwards  in  the  direction  a,  d.  Hence,  though 
a  certain  thickness  of  deposits,  e,  f^  g^  A,  variable  according 
to  circumstances,  might  cover  the  surface   of  the  descending 
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land,  entombing  the  remains  of  the  littoral  marine  animals, 
these  would  be  coyered,  ifi  the  direction  outwards,  and  as  the 
land  descended,  by  detrital  deposits  of  kinds  which  could  be 
transported  to  and  formed  there,  a  corresponding  series  of 
marine  animal  remains  intermingled  with  them,  differing  as  far 
as  the  deeper  water  differed  from  the  littoral  marine  life  of  the 
time.  Thus  numerous  species  which  had  been  really  con- 
temporaneous with  those  entombed  beneath  may  appear,  in 
certain  sections,  to  have  succeeded  them  as  creations  in  the 
progress  of  geological  time,  this  appearance  extending  even 
to  the  remains  of  those  liying  m  the  deepest  waters  of  the 
period  and  locality,  as  any  large  mass  of  dry  land  became  sub- 
merged. 

With  respect  to  the  emergence  of  land,  should  this  be 
gradual,  large  areas  might  be  laid  dry,  presenting  sheets  of 
sedimentary  matter  not  contemporaneously  produced,  yet  con- 
taining littoral  species  of  molluscs  in  great  abundance,  these 
species  being  of  the  same  kinds,  should  no  change  have  been 
effected  iq  that  portion  of  the  animal  life  of  the  locality  and 
time  during  the  rise  of  the  land  and  sea-bottom.  If  the  sea- 
bottom  around  the  British  islands  were  gradually  raised,  so  that 
the  boundary  line  extended  to  not  more  than  100  fathoms  in 
depth  (fig.  65,  p.  105),  the  remains  of  littoral  molluscs  would 
be  scattered  amid  the  accumulations  of  the  time,  as  the  shores 
became  extended,  covering  over  those  of  other  and  contempo- 
raneous molluscs.    If  a  ^,  in  the  following  section  (fig.  206), 
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represent  the  level  of  the  sea,  cd  a,  surface  of  rock,  partly 
above  the  sea  and  partly  beneath  it,  and  e  a  deposit  extending 
to  r,  it  would  contain  the  remains  of  molluscs  inhabiting  the  dif- 
ferent depths,  including  those  at  which  wind-wave  action  could 
drive  them  onwards  towards  the  coast.  If  the  land  be  now  raised, 
so  that  the  relative  sea  level  is  represented  by  k  h\  a  deposit/, 
extending  to  «,  would  be  under  similar  conditions  as  that  pre- 

2s2 
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Tioiisly  formed  and  extending  to  r,  and  so  with  an  accumulation 
g  extending  to  t.  SuccessiTe  beds  k,  I,  m,  are  thus  produced, 
probably  containing  the  remains  uf  molluscs,  allowing  the 
mingling  of  many  by  the  action  of  the  waves  in  shallow  ^tua- 
tiona,  and  corresponding  with  the  depths  k  A',  gg",  ff,  ee',  m 
that  other  things  being  equal,  these  exuviae  are  edmilar  in  sections 
of  the  detrital  accumulations  which  do  not  correspond  with  the 
general  planes  of  those  deposits,  but  with  othera  representing 
their  littoral,  shallow,  or  deep-water  conditions,  as  the  cafie  may 
be,  of  succeeding  times. 

These  modiRcalions,  from  the  causes  noticed,  have  to  be  well 
considered  when  certain  organic  reinainB  are  viewed  as  charac- 
teristic, as  it  has  been  termed,  of  the  accumulatdons  of  a  parti- 
cular geological  time,  those  to  which  some  name  may  have  been 
asfflgned.  When  any  such  are  found  more  in  abundaBce  in,  or 
seem  confined  to,  the  depomts  of  some  particular  area,  and 
appear  to  be  the  exuviae  of  animals  which  have  lived  at  or  near 
the  localities  where  they  are  obt^ned,  the  kind  of  bottom,  pro- 
bable depth  of  water,  and  proximity  to  or  distance  from  the 
dry  land  of  the  time  have  to  be  sought,  so  that  the  conditions 
under  which  the  creatures  themselves  flourished  may  be  duly 
appreciated.  In  such  researches  it  will  be  often  found  that  the 
kind  of  bottom  appears  to  have  materially  influenced  the 
abundance  and  distribution  of  these  particular  animals,  so  that, 
when  a  cbai^  was  effected  in  the  sedimentary  matter  depodted, 
they  moved  elsewhere,  even  returning  in  the  same  abundance 
as  before  to  the  same  area,  should  the  conditions  fitted  for  them 
have  been  re-established.  If,  in  the  following  plan  (fig.  207),  the 
Kg.  ao7. 


shaded  portions  represent  minor  areas  of  mud,  distributed  amid 
■ande,  it  would  be  expected  that  the  creatures  whose  habits 
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induced  them  to  prefer  the  one  to  the  other  would  keep  within 
the  respective  variationa  of  sea-bottom,  so  that  if,  in  the  course 
of  accumulation,  this  bottom  became  modified,  sands  drifting 
or  being  thrown  over  the  mud,  or  the  latter  over  the  former, 
the  animals  would  follow  the  modifications  according  to  their 
habits.  Thus  in  any  given  sections  of  these  sea-bottoms 
streaks  of  different  kinds  of  them  may  be  found  accom- 
panied with  peculiar  organic  remains,  the  animals  from  which 
they  were  derived  merely  shifting  their  ground  as  circumstances 
arose,  thus  introducing  interlacings,  as  it  were,  of  different 
kinds  of  sea-bottoms.  Looking  at  the  conditions  which  at  the 
present  time  appear  to  govern  the  existence  of  marine  life  both 
as  regards  the  relative  position  of  different  portions  of  it  and 
the  distribution  of  umilar  animals,  very  great  care  seems  to  be 
required  in  assuming  particular  species  as  characteristic  of 
particular  geological  periods  without  reference  to  their  mode  of 
occurrence  at  the  time.  It  would  seem  very  needful  that  the 
probable  habits  of  these  species  should  be  well  considered,  so 
that  proper  importance  should  be  assigned  to  other  and 
contemporaneous  species  whose  remains  may  be  equally  of 
value  in  continuous  or  contemporary  accumulations  formed 
under  modified  conditions  elsewhere.  Unless  this  be  done,  it 
may  often  happen  that  littoral  species,  very  characteristic  of  the 
shores  of  a  particular  region,  will  be  uselessly  sought  for  amid 
contemporaneous  accumulations  in  the  deep  seas  of  other 
regions,  while  not  a  trace  can  be  found  of  deep-sea  species, 
abundant  elsewhere  at  the  same  geolo^cal  time,  amid  shaUow 
water  and  littoral  deposits. 

The  calcareous  and  fossiliferous  accumulations  of  different 
dates  are  frequently  of  so  mixed  a  character  as  to  require  much 
care.  They  are  often  mere  beds  of  organic  remains ;  these, 
cemented  together  by  the  carbonate  of  lime,  which,  after  the 
deposit,  has  been  formed  at  the  expense  of  the  organic  remains 
themselves.  At  other  times,  however,  they  have  been  clearly 
produced  by  deposits  from  solutions  of  the  bicarbonate  of  lime, 
in  the  manner  previously  mentioned  (p.  122).  Some  lime- 
stones require  very  careftd  examination  in  order  to  ascertain 
their  mode  of  formation.    Thus  it  has  been  observed  that  beds 
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presenting  no  appearance  of  organic  remains  to  the  naked  eye, 
may  yet  be  found  to  be  almost  wholly  composed  of  them  when 
the  microscope  is  employed  and  due  precautions  taken.  In 
this  manner  many  beds  of  the  mountain  limestone  series  of  the 
British  Islands  have  been  found  replete  with  the  remains  of 
life  where  none  were  at  first  suspected.  Even  when  upon 
exposure  to  atmospheric  influences  fossils  of  far  larger  dimen- 
sions, readily  visible  to  the  naked  eye,  and  extending  to  half 
an  inch  or  more  in  length  or  breadth,  are  found  in  fair  abun- 
dance, it  sometimes  occurs  that  the  ordinary  fracture  of  the 
limestone  bed  may  not  readily  show  them.  We  do  not  here 
include  the  remains  of  encrinites,  echinites,  and  some  other 
fossils,  which,  from  their  rhomboidal  fracture  a  little  practice 
will  enable  an  observer  readily  to  distingiush ;  but  others,  where 
tliey  are  far  from  being  easily  detected.  The  most  beautiful 
shells  wilt  occasionally  thus  present  themselves  upon  searching  a 
weathered  surface,  not  a  trace  of  which  can  be  obtained  by 
ordinary  observation. 

It  is  now  known  that  certain  beds,  as  well  siliceous,  calcareo-- 
siliceous,  as  calcareous,  are  made  up  almost  wholly  of  minute 
organic  remains,  far  too  small  to  be  seen  by  tiie  unassisted 
eye.  For  our  great  progress  in  this  order  of  investigation 
geologists  are  indebted  to  M.  Ehrenberg,  who  has  shown  how 
much  infiisiorial  remains  are  difiused,  even  producing  deposits 
of  C/Onsiderable  importance,  and  most  materially  addmg  to  the 
volume  of  others.  Whether  or  not  some  of  these  microscopic 
minute  bodies  may  be  vegetable  instead  of  animal,  their  geolo- 
gical importance  remains  the  same,  if  indeed  it  be  not  increased 
fr*om  such  deposits,  altogether  or  in  a  great  measure  composed 
of  myriads  of  microscopic  organisms,  being  referable  to  both 
animal  and  vegetable  life.* 

While  on  tiie  subject  of  deposits  chiefly  formed  of  organic 
remains,  the  probable  chemical  composition  of  these  remains, 
when  first  introduced  amid  the  accumulations  in  which  they  are 
found,  should  not  be  neglected.  In  this  manner  it  may  be 
seen  that  the  magnesia,  so  much  more  commonly  distributed 


*  As  to  some  of  these  supposed  infiisom  being  vegetable,  m«  note  p.  274. 
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amid  limestones  than  has  often  been  inferred,  may  sometimes 
be  due  to  such  remains,  particularly  where  many  corals  are 
present*  The  like  also  with  the  phosphates  of  lime,  silica, 
and  other  substances.  Whole  layers  may  be  formed  of  the 
harder  parts  of  infusoria,  so  that  when  these  are  siliceous,  they, 
and  the  spiculse  of  many  sponges,  may  serve  to  difiuse  no  small 
amount  of  silica  amid  deposits  of  a  different  character. 

By  careful  investigation  of  the  conditions  wider  which  the 
remains  of  various  fresh-water  or  marine  animals  may  be  found 
m  rocks,  the  deposit  of  which  by  means  of  water  is  evident, 
and  also  by  well-directed  attention  to  the  mode  in  which  the 
remains  of  teri'estrial  life,  not  forgetting  those  of  insects,!  may 
have  become  intermingled  with  them,  the  observer  will  fre- 
quently find  himself  most  materially  aided  in  a  knowledge  of 
the  probable  physical  geography  of  different  areas,  often  con- 
siderable, at  given  geological  times.  With  this  knowledge 
and  a  due  regard  to  the  varied  distribution  of  the  life  of 
the  time,  and  the  abundance  and  kind  of  mineral  matter  de- 
posited at  the  same  period,  he  may  be  enabled  to  trace  the 
changes  and  modifications  which  have  taken  place  contempo- 
raneously in  the  rivers  or  lakes,  amid  the  lands,  or  in  the  seas, 
at  different  times  in  such  portions  of  the  earth's  surface. 
Begarding  that  surface  as  a  whole,  it  is  difficult  to  conceive 
that  the  distribution  of  life,  allowing  for  great  changes  in 
that  distribution  during  the  lapse  of  time,  could  not  have 
been  adjusted  to  conditions  as  they  successively  arose,  and 
which  modified  it  more  in  one  locality  than  another,  so  that 
great  care   seems  required  properly  to  separate   the   local 

*  In  some  inyestigatioDS  andertaken  by  Mr.  Maule  at  the  Maseum  of  Prac- 
tical Geology,  for  the  parpose  of  tracing  the  various  changes  which  organic 
remains  may  hare  undergone  under  different  conditions  of  entombment,  he 
found  magnesia,  eren  to  the  extent  of  6  and  7  per  cent,  in  some  recent  corals. 

t  In  countries,  and  especially  in  tropical  islands,  such  as  the  West  Indies, 
-where  the  off-shore  or  land  winds  are  at  times  somewhat  strong,  multitudes  of 
insects  are  often  borne  out  to  sea,  where,  though  the  greater  proportion 
may  become  the  food  of  marine  creatures,  some  fall  in  situations  to  be  en- 
tombed amid  mud,  silt,  or  sand.  Those  accustomed  to  pass  along  such  coasU 
are  ^miliar  with  this  fact.  Our  own  coasts  in  summer  weather  present  many 
instances  of  insects  surprised  and  drawn  off  coasts  seaward  by  the  sudden 
setl^Dg  in  of  the  laud  wind  in  the  evening. 
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from  the  general  effects  produced  at  assumed  equal  periods^ 
or  during  a  long  succession  of  them.  Modem  inyestigations, 
while  they,  on  the  one  hand,  lead  us  to  infer  many  great 
changes  in  animal  and  vegetable  life  during  the  accumulation 
of  the  various  deposits  in  which  its  remains  have  been  pre- 
served,* teach  us,  on  the  other,  that  forms  once  supposed  only 
confined  to  the  more  modern  accumulations  have  existed  in 
far  more  remote  times,  f     While  it  is  probable  that  the  evi- 

*  Referring  to  various  general  works  containing  lists  of  the  remains  of 
animal  and  vegetable  life  considered  characteristic  of  the  different  deponti 
which  it  has  been  thought  conrenient  to  separate  and  class  under  particular 
names,  it  is  only  required  to  point  to  such  animals  as  the  trilobites,  among  the 
more  ancient  accumulations,  and  to  the  ammonites  of  the  middle  portion  of  the 
fossiliferous  series,  to  show  that  certain  marine  creatures  which  hare  now 
ceased  to  exist  once  swarmed  in  particular  areas  at  given  times,  and  hare  not 
lived  after  those  times.  No  doubt  the  preservation  of  the  parts  of  many  terres- 
trial animals  requires  a  combination  of  favourable  circumstances,  so  that  no 
great  surprise  is  to  be  experienced  when  we  obtain  few  traces  of  such  animals 
amid  the  contents  of  the  old  sea-bottoms  usually  presented  to  our  examination. 
The  remains  of  the  marsupial  mammal  (^Phtucolothenum  Bvcklandi,  Owen) 
and  of  the  insectivorous  mammals  (^AmphUherium  Prevostii,  and  Am,  Bro- 
deripiif  Owen)  in  the  Stonesfield  slate  (oolitic  series),  near  Oxford,  are  suffi- 
cient to  introduce  caution  into  general  reasoning  as  to  the  existence  or  non-exist- 
ence of  terrestrial  mammals  at  different  geological  times.  Speaking  of  the 
conditions  under  which  these  remains  occur,  Dr.  Buckland  remarks  (Bridge^ 
water  Treatise,  vol.  i.,  p.  121),  that  ^  at  this  place  (Stonesfield)  a  single  hed  of 
calcareous  and  sandy  slate,  not  six  feet  thick,  contains  an  admixture  of  terres- 
trial animals  and  plants  with  shells  which  are  decidedly  marine ;  the  bones  of 
Didelphis  {Ampkitherium  and  Phascolotheriutn),  Megalosaurus  (a  great  saurian 
40  or  50  feet  long,  partaking,  according  to  Cuvier,  of  the  structure  of  the 
monitor  and  crocodile),  and  Pterodactyle  (a  flying  saurian)  are  so  mixed  with 
ammonites,  nautili,  belemnites,  and  many  other  species  of  marine  shells^ 
that  there  can  be  little  doubt  of  this  formation  having  been  deposited  at  the 
bottom  of  a  sea  not  far  distant  from  some  ancient  shore."  With  respect  to  the 
wing  covers  of  insects  found  in  the  same  deposit.  Dr.  Buckland  remarks 
(Bridgewater  Treatise,  vol.  i.,  p.  411)  that  they  are  all  coleopterous,  ^'and  in 
the  opinion  of  Mr.  Curtis,  many  of  them  approach  nearly  to  the  Byprestisy  a 
genus  now  most  abundant  in  warm  latitudes." 

t  As  regards  the  forms  of  molluscs,  the  genera  Avieula,  Modiota,  Tcreftrts- 
tula,  Lingula,  and  Orincula  are  found  from  the  Silurian  rocks  upwards  to  the 
present  day.  The  like  with  Turbo,  as  a  restricted  genus,  and  also  wirh 
Nautilus,  with  slight  variations  in  form.  With  respect  to  those  remarkable 
and  beautiful  animals  the  star-fishes.  Professor  Edward  Forbes  states,  that 
species  of  the  genus  Urcuter  are  found  in  the  Silurian  rocks  closely  resembling 
the  existing  northern  forms  (Decade  I.,  "  Memoirs  of  the  Geological  Survey"), 
ud  that  in  the  lias,  Uraater  Gaveyi  (Decade  III.)  is  only  critically  to  be  dis- 
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dence  of  great  changes  having  taken  place  during  the  lapse  of 
geological  time  in  the  vegetation  and  animals  which  have 
existed  on  the  earth's  surface  will  he  only  confirmed  by  ex- 
tended research,  it  seems  equally  probable  that  investigations 
carried  out  with  proper  regard  to  the  varying  physical  geo- 
graphy of  different  geological  periods  will  show  the  necessity 
of  tracing  the  probable  causes  productive  of  new  adjustments 
of  lands  and  waters  at  those  difierent  times,  and  of  studying 
the  distribution  of  the  life'*'  of  such  times  in  accordance  with 
those  laws  which  appear  to  govern  that  distribution  at  the  pre- 
sent time,  not  forgetting,  however,  those  conditions  which  would 
follow  a  gradual  decrease  in  the  heat  of  the  earth,  should  it 
eventually  be  found  that  a  temperature  more  equal  over  the 
earth's  surface  than  that  afforded  by  the  sun  would  appear 
required  for  the  distribution  of  animal  and  vegetable  life  in  the 
earlier  periods  of  its  existence  on  our  planet. 

Igneous  products  of  earlier  date  than  those  of  modem  volcanos. 
— As  has  been  previously  remarked,  the  distinction  between 
the  produQts  of  active  and  extinct  volcanos  is  rather  one  of  con- 
venience than  of  fact,  and  the  same  may,  to  a  certain  extent, 
be  also  observed  as  to  the  differences  between  those  above 
noticed  (pp.  366-471),  and  the  products  about  to  be  men- 


tiDgfushed  from  the  common  Urcuter  rubenSf  now  inhabiting  the  British  teas. 
According  also  to  the  Professor,  the  Terebratula  atnatula,  of  the  cretaceous 
series,  cannot  be  distinguished  specifically  from  the  Jh-ebratula  caput-ser- 
paUis  of  the  same  seas. 

*  It  is  very  desirable,  in  the  enumeration  of  organic  remains  discoyered  in 
different  beds  and  localities,  properly  to  represent  the  abundance  of  the  indivi- 
duals of  each  species.  This  mode  of  inyestigation  has  receired  carefiil  attention 
during  the  progress  of  the  Geological  Survey  of  the  United  Kingdom.  Without 
due  precaution  of  this  kind,  the  remains  of  a  single  individual  figures  as  pro- 
minently as  those  of  many  hundreds,  and  a  correct  view  of  the  correspondence 
or  difiPerence  between  the  various  portions  of  contemporaneous  accumulations 
as  to  the  life  entombed  in  them  becomes  much  impeded.  A  carefhl  study  of 
the  comparative  nxmibers  of  individuals  often  shows  how  much  some  spedes 
of  marine  molluscs  have  preferred  one  kind  of  sea-bottom  to  another,  while 
others  seem  to  have  flourished  equally  well  through  varied  changes  in  the  sea- 
bottoms.  It  is  well  to  bear  in  mind  that  the  researches  of  naturalists  teach  us 
that  many  an  area  is  now  littie,  if  at  all,  tenanted  by  marine  molluscs,  such 
areas  being  nnsnited  to  their  habits,  while  others  adjoiniDg  them  may  b^ 
covered  by  multitudes  of  various  mollascs. 
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tioned.  By  arranging  igneous  products  according  to  the  dif- 
ferent geological  dates  to  which  they  may  be  assigned,  the 
observer  has  the  means  of  studying  not  only  their  modes  of 
occurrence,  but  also  the  constancy  or  change  of  the  elementary 
substances  entering  into  their  composition  during  the  lapse  of 
geological  time. 

The  igneous  rocks  known  to  us  by  their  appearance  on  the 
surface  of  the  globe,  have  been  found  sufficiently  well  distri- 
buted to  be  available  for  an  approximative  estimate  of  their 
elementary  bodies.  Viewed  as  a  whole,  they  are  chiefly  oxides 
of  substances  commonly  considered  simple,  one  of  the  oxides, 
that  of  silicon,  acting  as  an  acid,  and  combining  with  a  large 
portion  of  the  other  oxides.  Silicic  acid  (silica),  free  or  com- 
bined, may  be  seen  more  to  prevail  in  certain  rocks  than  in 
others ;  but  there  are  few  igneous  products  found  in  any  abund- 
ance, which  do  not  mainly  consist  of  silica,  or  the  silicates. 
The  simple  substances,  with  silicon,  constituting  this  mass  of 
matter,  whence  the  sedimentary  deposits  have  been,  with  minor 
exceptions,  more  or  less  directly  or  indirectly  derived  during 
the  lapse  of  time^  have  not  been  found  numerous.  They  are 
chiefly  aluminium,  potassium,  sodium,  calcium,  magnesium, 
iron,  and  manganese,  making  with  silicon  eight  substances, 
considered  elementary,  all  combined  with  another,  oxygen,  and 
forming  the  great  volume  of  the  igneous  rocks,  such  as  they  are 
known  to  us.  Of  other  elementary  substances  entering  into 
their  composition  on  a  minor  scale,  probably  sulphur,  boron, 
lithia,  and  fluorine,  may  be  regarded  as  the  principal  bodies, 
with  the  addition  of  hydrogen,  so  far  as  it  may  enter  into  the 
composition  of  any  water  that  can  be  regarded  as  a  real  com- 
ponent part  of  these  rocks.  Numerous  other  simple  substances, 
no  doubt,  may  be  detected  amid  these  products  in  difierent 
localities,  even  sufficiently  abundant  in  some  to  be  remarkable ; 
but  viewed  in  the  mass,  the  nine  elementary  substances  above 
mentioned,  with  the  four  others  in  a  minor  manner,  appear  to 
constitute  the  great  mass  of  the  igneous  rocks  of  all  ages. 

That  so  much  of  the  great  volume  of  these  rocks  should  coa- 

sist  of  the  combination  of  oxygen  with  a  few  simple  substances, 

nd  that  the  union  of  oxygen  with  one  of  them  should  con- 
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stitute  such  an  important  compound  for  farther  union  with  the 
other  oxides,  are  in  themselves  circumstances  of  no  slight  in^ 
terest  to  an  observer  anxious  to  trace  some  connexion  between 
the  igneous  products  of  all  geological  periods  and  the  sub^ 
stances  beneath  the  exterior  and  consolidated  portion  of  the 
earth  during  the  same  lapse  of  time.  We  have  elsewhere* 
estimated  silica  as  constituting  45  per  cent,  of  the  mineral  crust 
of  the  globe,  hence  the  oxygen  contained  in  silica  alone  would 
form  at  least  26  per  cent,  of  that  crust.t  If  the  amount 
of  oxygen  in  the  other  oxides  be  included,  the  per  centage 
becomes  largely  increased ;  so  that  when  this  substance  is 
regarded  as  free  from  its  union  with  the  matter  forming  rocks, 
and  in  a  gaseous  form,  its  volume  becomes  enormous.^ 

In  studying  these  rocks,  it  may  be  assumed  that  the  observer 
would  be  desirous  of  ascertaining  how  far  there  may  be  evi- 
dence of  igneous  products  having  been  thrown  out  in  the 
manner  of  those  ejected  from  active  volcanos  at  difierent  geo- 
logical times.  As  it  so  happens  that  while  certain  portions  of 
the  earth's  surface  appear  to  have  remained  in  a  state  undis- 
turbed by  igneous  action  from  very  early  periods  to  the  present 
day,  other  portions  seem  frequently  to  have  been  subjected 
to  this  action  during  the  same  lapse  of  time,  all  regions, 
however  interesting  they  may  otherwise  be  geologically,  do  not 
present  the  needful  conditions  for  this  kind  of  investigation.  In 
the  British  Islands,  presenting  so  many  coast  and  other  natural 
sections,  as  also  so  cut  and  pierced  by  the  operations  of  the 
miner  and  engineer,  it  fortunately  happens  that  amid  the  older 
fossiliferous  deposits,  there  is  evidence  of  igneous  products 
having  been  contemporaneously  ejected  Igneous  rocks  are 
so  entangled  with  detrital  accumulations  of  the  Silurian  series, 
especially  well  exhibited  in  Wales,  and  in  the  counties  of 
Wicklow,  Wexford,  and  Waterford,  on  the  opposite  shores  of 
Ireland,  that  a  geologist  has  excellent  opportunities  afforded 

*  **  Researches  in  Theoretical  Geology,"  1834,  p.  8. 

t  AeoordiDg  to  Berselius,  nlica  is  a  compound  of  48*4  parts  silicon  and 
.51*6  parts  of  oxygen. 

X  The  Tolume  of  oxygen  would  be  obyiously  still  farther  augmented  by  th 
addition  of  that  contained  in  the  yarions  waters  on  the  surface  of  the  glr 
water  being  a  oompoond  of  oxygen  and  hydrogen. 
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him  for  observation.  He  finds  that  the  igneous  products,  thus 
associated  with  these  old  fossiliferous  deposits,  may  be  divided 
into  those  which  have  occupied  their  relative  positions  in  a 
molten  form,  and  those  which  have  been  mingled  with  them 
through  the  agency  of  water,  with  also  certain  accumulations 
which  may  have  been  piled  up  in  a  mechanical  manner,  either 
in  lur  or  beneath  the  surface  of  water. 

Having  in  view  the  manner  in  which  the  products  of  existing 
volcanos  are  thrown  out  into  the  air  or  water,  and  are  com- 
mingled, it  is  desirable  tiiat  the  geologist  should  endeavour  to 
trace  any  difierences  or  resemblances  he  may  find  when  op- 
portunities of  the  kind  noticed  present  themselves.  In  the  first 
place,  he  does  not  possess  the  advantages  of  the  surfaces  usually 
presented  in  active  volcanic  districts,  or  of  those,  such  as  in 
France  (p.  463),  which  have  not  been  disturbed  by  the  action 
of  seas  upon  them,  but  finds  masses  of  mineral  matter,  of  which 
the  igneous  products  only  constitute  a  part,  thrown  out  of  the 
positions  in  which  they  were  originally  accumulated,  the  igneous 
often  bent  and  contorted  with  the  aqueous  deposits  with  which 
they  are  associated.  These  districts,  moreover,  are  often  the 
mere  wrecks  of  the  mud,  silt,  and  sand  of  former  sea-bottoms, 
combined  with  tiie  igneous  products,  large  portions  having 
been  removed  by  denuding  causes,  so  that  not  only  has  the 
general  mass  been  squeezed,  bent,  contorted,  and  sometimes 
broken,  but  portions  of  it  (occasionally  to  be  measured  by  cubic 
miles),  entirely  removed.  Hence  no  slight  care  and  exact 
research  is  required  to  collect  the  needful  evidence,  so  that  all 
the  parts  may,  mentally,  be  again  restored  satisfactorily  to 
their  places.  This  may  often  nevertheless  be  sufficiently  accom- 
plished. 

In  examining  the  igneous  products  associated  with  the  Silu- 
rian rocks  in  Wales  and  Ireland,  two  kinds  become  somewhat 
prominent,  one  in  which  the  matter  constituting  felspar  prevails, 
another  in  which  that  forming  hornblende  is  mingled  with  the 
first,  to  an  equal  and  even  greater  amount.  Those  accustomed 
to  active  volcanic  regions  might  be  disposed  to  see  in  this 
circumstance  a  general  resemblance  to  trachytes  and  dolerites 
Cp.  407;  therein  distinguished,  as  also  to  those  mixed  products 
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which  have  been  named  trachyte-dolerites.  Proceeding  still 
further  in  the  inquiry,  it  will  be  found  that  certain  of  these  old 
products  are  mingled  mechanically  with  substances  that  have 
once  formed  ordinary  mud,  silt,  sand,  and  even  conglomerates, 
reminding  us  of  the  mixture  of  the  ashes  and  lapilli  thrown 
out  of  existing  volcanos,  and  intermixed  with  the  detrital  accu- 
mulations forming  under  the  fitting  conditions,  around  or  near 
many  active  igneous  vents  of  the  present  day.  Even  lapilli  may 
be  detected  amid  beds  which  are  composed  of  something  more 
than  the  igneous  substances  themselves.  These  appearances 
would  alone  lead  an  observer  to  consider  the  old  igneous  pro- 
ducts before  him  with  reference  to  certain  of  the  results  of 
modem  volcanic  action,  and  he  would  probably  be  not  the  less 
induced  to  take  this  course  when  he  found,  as  in  such  dis- 
tricts he  often  may,  organic  remains  amid  them,  either  alone  or 
mingled  with  common  detritus,  preserved  among  them  precisely 
as  in  volcanic  tuff  associated  with  the  common  mud,  silt,  and 
sand  deposits,  of  the  present  time.  He  will  sometimes  find 
the  organic  remains  arranged  in  seams,  as  amid  ordinary  detrital 
accumulations,  representing  in  like  manner  the  bottoms  of  an- 
cient seas  strewed  with  the  harder  parts  of  molluscs,  trilobitesi 
and  other  marine  animals  of  the  time. 

The  geologist  may  occasionally  discover  organic  remains, 
thus  arranged  in  seams,  the  matter  of  the  shells  of  molluscs 
still  preserved  in  beds  of  hard  and  solid  rocks,  ringing  under 
tiie  hammer,  and  at  first  sight  appearing  as  if  they  had  flowed 
in  a  molten  state.  Such  beds  of  consolidated  igneous  matter, 
arranged  in  water,  are  frequently  very  deceptive,  requiring  no 
slight  care  not  to  confound  them  with  the  rocks  which  have 
really  flowed  in  a  molten  state  amid  those  with  which  they  are 
often  associated.  Not  only  in  cases  where  such  beds  contain 
organic  remains,  but  also  where  no  trace  of  them  can  be  de- 
tected, much  caution  is  needed.  For  the  most  part  microscopic 
observation  will  show  that  they  are  composed  of  fragments  of 
igneous  molten  products,  in  which  the  component  parts  of  fel- 
spathic  or  homblendic  minerals  have  variously  prevailed,  and 
that  these  fragments  are  angular.  When  lapilli,  especially 
those  having  the  aspect  of  pumice,  are  mingled  in  these  accu- 
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roulations,  there  is  usually  little  difficulty  in  determining  their 
true  character,  and  they  then  assume  the  appearance  of  those 
resulting  from  the  deposit  of  the  ashes  and  cinders  thrown  out 
of  Yolcanic  vents  at  the  present  day,  more  especially  of  such  as 
have  been  formed  in  water  by  the  fall  of  volcanic  ashes  and 
cinders  in  it,  and  are  now  elevated  above  it,  so  that  they 
can  be  studied,  as  in  the  vicinity  of  Vesuvius,  Etna,  and  some 
other  active  volcanos,  which  have  showered  ashes  and  cinders 
into  seas  adjoining  them,  a  change  of  relative  level  of  the 
land  and  sea  having  been  effected,  and  parts  of  former  sea- 
bottoms  having  been  upraised. 

Those  who  have  devoted  much  close  attention  to  the  struc- 
ture of  the  volcanic Jjufis  of  the  present  time  can  scarcely  fail 
to  be  struck,  particularly  when  they  are  regarded  on  the  large 
scale,  with  the  resemblance  of  many  of  the  accumulations  of 
igneous  products  associated  with  the  Silurian  rocks  of  Wales 
and  Ireland  to  certain  of  those  tufis,  especially  to  thos^  such  as 
pelagonite  (p.  425)  and  some  others  which  have  beeome  conso- 
lidated and  modified  in  appearance,  so  that  the  original  small 
grains  of  ashes  and  fragments  thrown  out  of  volcanos  have 
become  one  general  and,  at  first  sight,  alpiost  hoiQogeneQus  sub- 
stance. While  in  many  localities  the  Uminated  ch^acter  of 
the  beds,  and  the  presence  of  marine  organic  remains  occurring 
in  the  same  manner  as  ix\  any  other  detrital  and  associated 
deposit,  point  to  their  accumulation  beneath  the  sea,  ashes,  and 
sometimes  lapilli,  vomited  forth  froiu  the  volcanos  of  the  time 
and  locality,  and  arranged  in  extensive  and  comparatively  thin 
beds ;  at  others,  the  conglomerates  and  breccias  of  igneous  rocks, 
mingled  confusedly  with  ancient  volcanic  tuff,  the  whole  inter- 
laced with  dykes  and  veins  of  felspathic  and  homblendic  molten 
rocks  of  different  kinds,  remind  the  observer  of  a  confused  mix- 
ture of  substances  in  the  body  of  a  volcano  itself,  partly  subaerial 
and  partly  subaqueous,  the  general  mass  buried  up  by  other  ac- 
cumulations as  the  volcanic  rocks  gradually  descended  beneath 
them.  Of  the  natural  sections  exposed  in  Wales  and  Ireland, 
though  there  are  many  excellent  opportunities  in  various  places, 
the  most  instructive  is  probably  on  the  coast  of  the  county  of 
Waterford,  between  Tramore  and  Ballyvoil  Head,  a  distance 
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of  fifteen  miles.  Huge  masses  of  these  igneous  products  are 
there  found  in  great  yariety,  and  molten  rocks  of  difierent 
kinds  and  shapes  will  be  seen  sending  out  veins,  and  cutting  as 
well  the  ordinary  detrital  deposits  formed  prior  to  these  out- 
bursts, as  the  igneous  substances  of  the  time.  Conglomerates 
and  breccias  are  found  piled  in  various  forms,  cemented  by 
igneous  matter,  apparently  thrown  out  as  ashes,  and  ancient 
tulSs  formed  of  smaller  fragments  are  observed  in  different 
places,  while  examples  are  to  be  seen  of  deposits  of  various 
kinds  changed  in  aspect  and  character  where  molten  matter  has 
burst  in  among  them.  There  is  also  a  variety  of  minor,  but  col- 
lectively important,  objects  of  interest  bearing  upon  the  igneous 
products  and  their  mode  of  accumulation  at  this  early  geological 
period.  As  regards  the  intrusion  of  molten  matter  amid  the 
conglomerates  and  breccias,  the  following  section  (fig.  208)  on 
the  west  of  Kilfarrasy  Point  may  be  found  illustrative,  others  of 
equal  interest  being,  however,  sufficiently  common. 

Fig.  208. 

6     r'^  * 


a,  a,  ooynpact  igneous  rock,  in  vhich  the  substances  composing  felspar  prevail ; 
bf  bf  b,  conglomerate  and  breccia  formed  of  various  portions  of  igneous  pro- 
ducts, chiefly  felspathic,  cemented  by  matter  resembling  that  of  volcanic  tuff. 

Such  districts  require  obviously  to  be  studied  on  the  large 
scale.  For  example,  the  section  exhibited  on  the  Waterford 
coast,  excellent  as  it  may  be,  would  scarcely  afford  the  needful 
evidence,  taken  by  itself.  It  would  be  necessary  to  consider  it 
with  reference  to  the  mode  of  occurrence  of  similar  accumula- 
tions along  their  whole  range,  thence  northward  through  the 
counties  of  Waterford,  Wexford,  and  Wicklow.  When  this 
is  accomplished,  the  sections  afforded  on  the  coast  of  Water- 
ford are  seen  to  form  part  of  the  general  evidence  pointing  to 
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the  relative  age  of  the  igneous  accumulations  at  this  time ;  one 
shown,  moreover,  to  have  been  anterior  to  the  formation  of  the 
old  red  sandstone  of  the  south  of  Ireland,  inasmuch  as  these 
igneous  rocks,  as  also  the  beds  of  the  Silurian  series  with  which 
they  are  associated,  were  disturbed,  bent,  and  contorted  before 
its  accumulation,  and  this  old  red  sandstone  not  only  reposes 
quietly  upon  the  disturbed  rocks,  but  also  contains  worn  frag- 
ments of  the  latter,  the  igneous  substances  included. 

The  geologist,  seeing  this  considerable  resemblance  to  the 
products  of  modem  volcanos,  and  also  the  general  similarity  of 
the  elementary  substances  found  in  them,  as  far  as  researches 
have  yet  extended^*  (considering  both  igneous  products  in 
their  masses,)  would  be  prepared  to  find  evidence  of  igneous 
action  also  bearing  a  resemblance  to  that  of  volcanos  at  the 
present  time  amid  any  accumulations  of  intermediate  geolo- 
gical date,  shoidd  the  fitting  conditions  prevail.  For  evidence 
of  this  action  he  would  look  necessarily  in  very  difierent  regions ; 
for  not  only  is  it  required  that  there  should  have  been  igneous 
products  of  this  kind  at  all  geological  times  in  various  parts  of 
the  earth's  surface,  sometimes  in  one  locality,  sometimes  in 
another,  but  also  that  in  the  present  arrangement  of  land  and 
seas  they  should  be  attainable  for  observation,  even  when  it 
may  have  so  happened  that  having  occurred  in  some  area,  and 
that  area  be  now  above  the  sea  level,  all  tracea  of  such  igneous 
action  may  not  be  concealed  by  more  modern  and  totally  dissi- 
milar accumulations.  In  this  research,  however,  the  geologist 
may  again  find  opportunities  in  the  British  islands.  In  Devon 
and  Cornwall  he  may  obtain  evidence  of  a  continuance  of  the 
like  igneous  action  at  a  subsequent  period,  amid  deposits,  some 
of  which  may  be  referred  to  the  date  of  the  old  red  sandstone 
series  of  other  parts  of  the  British  islands,  while  some  are 
more  modem,  and  others  perhaps  more  ancient.  Amid  tiie 
Devonian  and  Cornish  accumulations  of  this  date  he  will  detect 
beds  apparently  also  formed  of  the  volcanic  ashes  of  the  time. 


*  Investigatioiis  are  now  in  progress  in  the  laboratory  of  the  Mnsenm  of 
Practical  Geology  for  the  purpose  of  ascertaining  the  chemical  composition 
of  the  igneons  rocks  of  different  dates,  obtained  daring  the  progress  of  the 
Geological  Survey  of  the  United  Kingdom. 
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and  other  arrangements  of  igneous  matter,  some  rocks  evi- 
dently poured  forth  in  molten  masses,  and  breaking  through 
ordinary  and  previously-formed  deposits.  Among  numerous 
localities  good  sections  are  afforded  at  low  tide  on  the  Tamar, 
near  Saltash,  showing  an  association  of  the  Devonian  rocks, 
molten  products,  and  other  accumulations  of  igneous  origin.* 
In  many  situations,  the  igneous  ash  of  the  time  graduates  into 
the  ordinary  detrital  matter  associated  with  it,  as  well  in  the 
continuation  of  a  contemporaneous  deposit  as  in  successive 
deposits,  in  the  one  case  pointing  to  a  gradual  removal  from 
the  source  of  supply,  such  as  a  volcanic  vent ;  in  the  other,  to 
an  imequal  supply  over  the  same  area,  occasionally  intermittent, 
so  that  common  deposits  were  effected  on  a  sea-bottom  at 
intervals.  Good  examples  of  these  kinds  of  igneous  accumula- 
tions, with  an  intermixture  of  solid  molten  matter,  some  of  the 
latter  showing  large  grained  compounds  of  felspar  and  horn- 
blende, are  to  be  found  in  the  direction  of  Davidstow  and  St. 
Cletha.  In  certain  of  the  ash-beds  much  calcareous  matter  is 
sometimes  found,  assisting  as  a  cementing  substance.  They  are 
so  calcareous  near  Grylls,  on  the  south  of  Lesnewth,  that 
attempts  have  been  made  to  bum  the  compound  rock  for  hme. 
Upon  attentively  examining  the  composition  of  those  beds 
of  igneous  substances  which  are  arranged  amid  the  ordinary 
deposits  of  the  time,  it  is  found  to  vary  much  as  to  the  molten 
products  associated  with  the  general  mass  of  deposits.     While 

*  Ab  we  haye  elsewhere  mentioned  (*'  Report  on  the  Geology  of  Cornwall, 
Devon,  and  West  Somerset/'  1839,  p.  63),  there  is  an  abundant  mixture  of 
igneous  and  ordinary  sedimentary  rocks  in  the  vidnity  of  Saltash  and  St. 
Stephen,  and  thence  across  the  Tamar  to  St.  Budeaux  on  the  east,  and  towards 
St  Umey  on  the  west,  and  in  the  creeks  which  run  up  from  the  Lyhner  to 
Manaton  Castle  and  St.  Umey.  The  schistose  varieties  are  certainly  contem- 
poraneous with  the  associated  sedimentary  deposits,  while  dykes  of  greenstone 
and  other  compounds  of  homblendic  and  felspathic  matter  are  seen  to  cut 
through  the  various  accumulations,  "  analogous  to  those  which  are  produced 
in  the  beds  of  ash,  and  filled  by  lava  on  the  flanks  of  volcanos,  in  cases  where 
the  Utter  are  partly  submarine ;  traversing  shales,  clays,  and  other  aqueous 
deposits,  as  weU  as  the  ash,  which  in  such  cases  may  readily  have  become 
interstratified  among  them.'*  In  the  continuation  of  the  beds  near  Saltash, 
many  of  the  schistose  accumulations  of  ash  so  graduate  into  the  common  kinds 
of  deposit  of  mud  and  silt  that  no  correct  distinctions  can  be  drawn  between 
them. 

2t 
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some,  like  the  trachytic  tufl&  of  modem  times,  are  chiefly 
formed  of  the  component  parts  of  felspar,  others  are  more  like 
the  dolerite  tufls,  and  contsdn  substances  usually  found  in 
angites  and  hornblendes,  while  others  again  partake  of  the 
character  of  both.  Seeing  that,  like  the  ordinary  muds,  silts, 
and  sands  with  which  they  are  associated,  they  hare  become 
consolidated,  and  like  them  also  have  been  exposed  to  the 
passage  of  water  through  them,  as  well  when  buried  deep 
(by  depressions  of  the  general  area)  beneath  their  present 
levels,  as  when  exposed,  as  now,  to  atmospheric  influences, 
many  of  these  rocks  may  not  now  contain  all  the  substances 
originally  distributed  in  them,  while  they,  like  the  oth^  depo- 
sits associated  with  them,  may  have  received  additional  mineral 
matter.  It  will  readily  be  inferred  that  soluble  substances, 
such  as  the  silicates  of  soda  and  potash,  may  have  been 
removed  during  the  long  lapse  of  geological  time  during 
which  they  may  have  been  exposed  to  modification  and  diange. 
Though  there  is  this  difficulty,  much  may  yet  be  accomplished 
by  accurate  analyses  of  portions  carefully  selected. 

In  Derbyshire  the  observer  will  again  see  igneous  rocks 
associated  with  ordinary  deposits ;  in  this  case  with  limestone, 
known  as  the  carboniferous  or  mountain  limestone,  in  such  a 
manner  that  their  relative  geological  antiquity  can  be  ascer- 
tained. Careful  investigation  shows  that  in  that  area,  at 
least,  and  probably  much  beyond  it,  (beneath  a  covering  of  the 
sands,  shales,  and  coals,  knov^n  as  the  millstone  grit  and  coal 
measures,)  and  after  a  certain  amount  of  these  limestones  had 
been  accumulated,  there  had  been  an  outburst  and  overflow  of 
molten  rock,  irregularly  covering  over  portions  of  them.  And 
further,  that  after  this  partial  overflow^  the  limestone  deposit  still 
continued,  probably  spreading  from  other  localities  where  the 
conditions  for  its  accumulation  had  continued  uninterruptedly. 
Occasionally  water  action  upon  the  igneous  products  may  be 
inferred  prior  to  the  deposit  of  the  calcareous  beds  upon  them^ 
if  not  also  a  certain  amount  of  decomposition  of  the  former, 
the  limestones  immediately  covei*ing  them  containing  fragments 
(some  apparently  water-worn),  and  a  mingling  of  the  subjacent 
Tock,  such  as  might  be  expected  if  calcareous  matter  had  been 
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thrown  down  upon  the  exposed  and  weathered  surfaces  of  the 
igneous  rock.  In  some  parts  of  the  district  another  outflow  of 
the  same  kind  of  igneous  rock  again  took  place,  and  was  again 
covered  by  limestone  beds,  so  that  in  such  portions  of  the  area, 
two  irregularly-disposed  sheets  of  once  molten  rock  are  included 
among  the  mass  of  the  limestone  beds. 

The  following  section  (fig.  209)  of  part  of  this  district,*  by 
Professor  John  Phillips,  may  serve  to  illustrate  the  mode  of 
occurrence  of  these  beds  of  igneous  rock,  the  areas  of  which  do 
not  coincide,  so  that  one  outflow  did  not  exactly  cover  that  over- 
spread by  the  other.  In  this  section,  a  a  are  the  igneous  rocks, 
locally  known  as  toadstones^^  and  b  b  the  limestones,  c  being  the 
covering  beds  of  millstone  grit,  BXkiff  faults. 

Fig.  209. 
FiaCop.  BowCron. 


ONE  MILE 


Natural  sections  (mi^y  of  which  are  excellent)  and  mining 
operations  show  that  as  regards  thickness  these  overflows  vary 
considerably,  so  much  so  as  to  aid  the  observer  in  'forming 
some  estimate  of  the  localities  whence  the  molten  matter,  when 
ejected,  may  have  been  distributed  around. 

Although  there  are  clays  amid  the^  limestones  in  the  rela- 
tive positions  of  the  igneous  rocks,  and  some  of  these  seem 
clearly  little  else  than  such  rocks  in  a  highly-decomposed 
state,  retaining  the  arrangement  of  their  component  mineral 
substances,  as,  for  example,  at  the  isolated  boss  of  limestone  at 
Crich,  protruding,  (at  a  distance  of  Si  miles  from  the  main 
mass,)  from  tHe  squeezing  action  to  which  these  rocks  and  the 
coal  measures  above  them  have  been  subjected,  through  the 

*  A  reduced  portion  of  one  (No,  18)  of  the  horizontal  sections  of  the  Geolo- 
gical Sarvey  of  Great  Britain. 

t  Professor  John  Phillips  suggests  that  this  name  is  a  cormption  of  the 
German  word  todteslein ;  rothe  todte  liegende  (red  dead,  or  unprodnetiTe  bed) 
b^ing  a  term  applied  by  German  miners  to  the  nnprodactiye  rocks  subjacent 
to  the  oopper^bearing  slate  of  Mansfield  and  other  localities.  In  like  manner, 
the  name  Barmaater,  given  to  those  who  superintend  the  distribotion  of  the 
mines  and  collect  the  dues,  or  royalties,  has  long  been  considered  a  corruption 
of  BergmeUter,See  Pilkington's  "  Derbyshire,"  1789,  p.  110. 
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lower  part  of  the  latter,  known  as  millstone  griiy  it  would 
scarcely  be  safe  to  conclude  that  all  lying  nearly  in  the  same 
general  geological  levels  were  so,  inasmuch  as  some  of  them 
may  be  underclays,  of  the  kind  found  in  the  coal  measures 
(p.  577).  Care  on  this  head  is  rendered  necessary  by  finding 
a  clay  of  this  description,  a  true  underclay,  supporting  a  thin 
bed  of  impure  coal  in  the  higher  part  of  the  limestone  series 
near  Matlock  Bath.* 

In  the  case  of  Derbyshire,  though  there  may  have  been  a 
removal  of  a  portion  of  the  igneous  beds  by  the  action  of  water 
upon  their  exposed  sur&oes  (and  an  attentive  examination  of 
the  upper  overflow  likewise  shows  a  quiet  adjustment  of  the 
limestone  beds  formed  upon  it),  no  deposits  resembling  the 
ash  and  lapilli  beds  above  mentioned  as  found  in  Devon  and 
Cornwall,  Wales  and  Ireland,  have  yet  been  detected.  There 
is  no  evidence  showing  an  accumulation  of  ash  and  cinders 
in  the  manner  of  subaerial  volcanos.  If  there  had  been 
such,  and  this  had  been  attacked  by  breaker  action  and 
currents,  the  geologist  would  expect  to  find  some  portions 
included  amid  the  limestone  beds,  and  such  have  not  been 
detected.  It  may  readily  have  happened,  therefore,  that  the 
igneous  matter  was  thrown  out  in  a  molten  state,  without  any 
accompaniment  of  ash  and  cinders ;  and  this  might  have  taken 
place  as  well  beneath  the  level  of  the  sea  as  above  it. 

Upon  examining  the  structure  of  the  igneous  rock,  it  is  found 
to  be  pardy  solid,  and  confusedly  well  crystallized,  a  com- 
pound of  felspar  and  hornblende,  with,  sometimes,  sulphuret  of 
iron.  It  is  partly  vesicular,  in  some  localities  highly  so ;  the 
vesicles,  as  usual,  filled  with  mineral  matter  of  various  kinds,  f 
where  the  rock  has  remained  unafiected  by  atmospheric  in- 
fluences, but  exhibiting  the  original  and  vesicular  state  of  the 
molten  rock  where  these  have  removed  the  foreign  substances 

*  This  impure  bed  of  coal  was  cat  while  driving  the  tannel  through  the 
High  Tor,  fbr  the  railway  runuing  by  Matlock  Bath,  and  is  to  be  well  seen, 
dipping  rapidly,  with  the  other  beds,  in  the  drift  cat  into  the  cavernoos  mine, 
part  of  which  is  shown  by  the  name  of  the  Rutland  Cayem,  at  the  Heights 
of  Abraham. 

f  Carbonate  of  lime,  as  might  be  expected,  is  a  very  common  substance  in 
these  Tssides. 
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in  them.  Id  some  localises  the  scoriaceous  character  of  the 
rock  ia  as  striking  aa  amid  many  volcanic  regions  of  the  present 
day.  Like  more  modem  igneous  products,  also,  it  will  often  be 
found  decomposed  in  a  spheroidal  form.  The  following 
(fig.  210)  is  an  example  of  this  decomposition  at  Diamond 
ffill,  on  the  south  aide  of  Millersdale,  where  the  concretionary 
structure  has  been  developed  somewhat  on  the  miuor  scale, 
and  the  aze  of  the  spheroidal  bodies  is  about  that  of  bomb- 
shells and  cannon-halls. 

Rg.  210. 


It  will  he  thus  seen  that  amid  the  older  fossdliferous  deports 
igneous  rocks  may  be  so  associated  as  to  give  the  relative 
dates  of  their  Section,  even  in  such  a  manner  as  to  lead  to  the 
inference  that  in  some  cases,  there  have  been  subaerial  vol- 
canic vents  at  band,  whence  molten  matter,  cinders,  and  ashes 
may  have  been  thrown  oat,  as  in  the  present  day,  the  ele- 
mentary substances  of  which  this  ejected  mineral  matter  is 
composed,  reminding  the  geologist  very  strongly  of  those 
thrown  out  in  a  similar  manner  in  modem  volcanos.  As  has 
been  stated  (p.  636),  it  will  require  the  observer  to  readjust  in 
his  mind  the  various  parts  of  countries,  like  those  noticed  in 
Cornwall  and  Devon,  Wales  and  Ireland,  replacing  the 
portions  now  removed  by  denudation,  properly  to  consider  this 
subject  with  reference  to  the  relative  times  when  the  various 
igneous  products  were  ejected  and  accumulated  amid  the 
wdinary  sedimentary  deposits  of  that  early  geological  time. 
Let  the  following  section  (fig.  211)  be  one  of  a  volcano,  so 
Pig.  211. 
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situated  that  while  lava  currents  and  dykes  of  molten  matter 
(a  a  a)  were  thrown  out  and  up  in  the  usual  manner,  and 
became  mingled  with  subaerial  tuff  and  volcanic  breccias,  b  b  b, 
subaqueous  deposits  were  formed  near  and  over  these  products, 
mingling  volcanic  and  ordinary  detritus  in  the  same  or  asso- 
ciated beds. 

If  the  volcanic  action  ceased,  and  the  general  area  were  de- 
pressed so  that  new  and  ordinary  deposits,  d  d  dj  were  efiected, 
and  the  whole  was  merely  tilted,  not  complicating  the  subject 
with  squeezing  and  contortion,  and  some  new  surface  n,  «,  be 
given  to  the  general  mass,  as  shown  beneath  (fig.  212),  the  ob- 

Fig.  212. 


server  will  at  once  perceive  that  the  mode  of  occurrence  of  the 
igneous  rocks  amid  the  ordinary  deposits  will  require  careful 
consideration  and  study.  He  will  see  that  a  hasty  investiga- 
tion is  not  likely  to  afford  the  requisite  data,  and  that  pro* 
longed  research  is  needed  for  very  exact  determinations,  though 
he  may  often  find  sufficient  in  a  short  time,  if  the  natural  or 
artificial  sections  be  favourable,  for  a  just  general  view  of  the 
subject 

When  igneous  products  are  not  associated  with  ordinary 
fossiliferous  deposits  in  the  manner  mentioned,  and  often,  un- 
fortunately, they  cannot  be  so  favourably  studied,  a  geolo^st 
may  still  obtain  certain  relative  dates  by  their  mode  of  occur- 
rence on  the  great  scale.  Fortunately,  we  may  again  take  the 
British  islands  for  illustration,  as  showing  how  much  may  be 
found  connected  with  the  subject  even  in  that  minor  area. 
When  the  granite  range  of  Wicklow  and  Wexford,  and  which 
also  includes  portions  of  adjacent  counties,  is  examined  with 
reference  to  the  rocks  in  contact  with  it,  it  is  sben  that  certain 
Cambrian  and  Silurian  rocks,  the  range  of  which  it  traverses  in 
a  slanting  manner,  are  upturned,  much  modified  in  their  mineral 
structure,  when  in  contact  with  the  granite,  and  often  much 
broken  at  the  junction ;  even  huge  masses  of  them  included  in 
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80  that  little  doubt  is  left  that  these  rocks  were  formed  prior  to 
the  intrusion  of  such  granite.  Thus  far  the  observer  merely 
obtains  eyidence  of  no  very  definite  kind  as  to  the  actual  period 
of  this  intrusion,  though  in  the  district  noticed  he  would  see 
that  this  kind  of  igneous  action  took  place  after  that  which  in 
the  same  area  produced  an  out-throw  of  felspathic  and  horn- 
blendic  products  as  above  noticed  (p.  636).  He  only  discovers 
that  the  one  set  of  igneous  products  has  been  uplifted  by  the 
other.  Continuing  his  researches,  he  sees  certain  ccmglome- 
rates  of  the  old  red  sandstone  reposing  quietly  upon  the 
granite,  and,  when  this  happens,  containing  rounded  portions 
of  that  rock,  as  well  as  much  finer  detritus  from  it.  He  also 
finds  where  the  same  conglomerate  stretches  over  the  disturbed 
older  rocks,  with  their  include!  igneous  products,  that  rounded 
and  angular  fragments  of  these  products  are  imbedded  in  it. 
He  has  now  the  approximate  relative  date  of  the  granite  of  the 
district,  so  far  that  it  rose  up  afler  that  portion  of  the  Silmian 
series  was  formed  which  is  there  disturbed,  and  prior  to  such 
portion  of  the  old  red  sandstone  series  as  is  represented  by  this 
conglomerate.  We  will  suppose  that  he  has  obtained  evidence 
of  the  portion  of  the  Silurian  series  disturbed  being  the  lower, 
and  of  the  conglomerate  representing  some  higher  or  middle 
portion  of  the  old  r^ d  sandstone  series,  as  found  developed 
elsewhere  in  the  British  islands.  There  would  then,  no  doubt, 
be  something  of  an  interval  in  the  geological  series,  during 
which  the  uprise  of  the  granite  may  have  taken  place,  never- 
theless the  observer  has,  by  the  means  employed,  arrived  at  a 
certain  approximation  of  no  slight  value  as  to  the  real  relative 
date  of  its  protrusion. 

To  show  this  value,  it  is  only  needful  to  turn  to  Devon  and 
Cornwall,  where  at  such  a  comparatively  trifling  distance,  the 
geologist  finds  a  granite  of  much  the  same  general  character 
protruding  through  the  equivalents  of  those  accumulations 
which  have  quietly  covered  the  Irish  granite  mentioned,  after 
its  consolidation,  the  disturbance  caused  by  the  uprise  of  the 
Devonian  and  Cornish  granite  extending  to  the  lower  portion 
of  the  coal  measures,  as  may  be  seen  aroimd  the  northern  part 
of  Dartmoor,  where  veins  extend  from  the  granite  in  that 
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direction  into  these  sedimentary  rocks,  in  the  same  manner  as 
into  the  Silurian  deposits  of  Wicklow  and  Wexford.  In  the 
case  also  of  the  granites  of  Cornwall  and  Devon,  it  becomes 
necessary  to  seek  for  evidence  as  to  any  deposits  so  occurring  as 
to  show  the  geological  dates  between  which  their  uprise  was 
effected.  Throughout  the  greater  part  of  the  district,  evidence 
of  the  kind  required  is  not  to  be  found,  but  on  the  eastward  of 
Dartmoor,  and  of  the  continuation  of  the  deposits  which  have 
been  disturbed  at  the  time  these  granites  were  intruded,  the 
observer  finds  beds,  known  as  the  new  red  sandstone  series, 
reposing  quietly  on  the  disturbed  rocks,  the  lower  portion  of 
them  containing  rounded  and  angular  fragments  of  the  latter. 
It  would  thus  appear  that  the  approximative  date  for  the 
elevation  of  the  Cornish  and  Devonian  granites  amid  the  accu- 
mulations effected  up  to  that  time,  was  somewhere  between  the 
lower  part  of  the  coal-measure  series  (including  the  millstone 
grit  of  central  England  in  that  series),  and  the  lower  portion 
of  the  new  red  sandstone  deposits. 

Thus  in  south-eastern  Ireland  and  south-western  England 
there  is  evidence  of  two  protrusions  of  granite  at  different  geolo- 
gical periods,  different  rocks  of  known  relative  ages  being 
disturbed  on  the  one  hand  and  unmoved  on  the  other,  so  that 
approximative  dates  are  obtained  for  bof^  protrusions.  If  in 
the  annexed  section  (fig.  213)  a,  a,  be  a  mass  of  granite  thrust 

Fig.  213. 


upwards  through  sedimentary  beds  b  ft,  sending  veins  into  frac- 
tures effected  in  them,  as  well  as  modifying  their  mineral 
structure  at  the  junction,  and  c  be  an  accumulation  containing 
rounded  or  angular  fragments  of  a  and  ft,  it  follows  that  the 
relative  geological  dates  of  ft  and  c  being  known,  that  of  the 
protrusion  a,  a,  would  be  known  also  within  greater  or  less  limits 
as  the  formation  of  ft  and  c  may  be  separated  or  approximate 
to  each  other  in  the  geological  series.  This  would  be  the  caae 
of  south-eastern  Ireland.  In  that  of  Devon  the  disturbed  beds 
h  ft,  altered  as  before,  and  with  granitic  veins  a,  a,  in  them, 
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would  be  covered  by  beds  f  reposing  quietly  on  them,  apd  also 
containing  fragments  of  them,  with  here  and  there  igneous 
rocks,  6,  interposed. 

Though  the  relative  dates  of  the  rise  of  molten  mineral  sub- 
stances into  fissures  of  prior-formed  rocks,  such  portions  of 
igneous  matter  usually  known  as  dyhe$^  could  not  be  obtained 
when  these  are  uncovered  by  accumulations  of  which  the  posi- 
tion in  the  geological  series  is  known ;  as,  for  example,  if,  in  the 
subjoining  section  (fig.  214),  a  and   h  be  dykes  of  any  igne- 

Fig.  214. 


ous  rocks  cutting  through  some  sedimentary  deposit  e  </,  and 
these  be  imcovered  by  any  accumulation  of  ascertained  geolo- 
gical date,  the  exact  relative  time  when  the  cracks  were  effected 
and  the  molten  matter  rose  in  them,  would  remain  uncertain. 
It  sometimes  happens,  however,  that  some  evidence  as  to  rela- 
tive date  may  be  obtained,  of  a  fair  approximative  kind,  even 
with  respect  to  dykes  of  this  character.  It  would  not  be 
sufficient  that  they  cut  one  set  of  rocks,  and  not  another,  in 
some  ^ven  district,  without  further  general  evidence,  so  as  to 
refer  them  with  certainty  to  a  particular  time,  anterior  to  the 
formation  of  the  beds  not  cut  by  them,  since  it  may  have  hap- 
pened that  contemporaneous  causes  did  not  act  beyond  a  given 
area,  though  in  certain  of  these  cases  there  may  appear 
much  to  support  an  inference  to  that  effect.  For  example, 
numerous  greenstone  dykes  are  found  to  traverse  the  Cambrian 
rocks  in  Merionethshire  and  Caernarvonshire,  while  these  are 
not  observable  amid  certdn  upper  Silurian  deposits  in  Den- 
bi^ishire  and  Flintshire,  and  contemporaneous  igneous  rocks 
are  associated  with  intermediate  accumulations  in  Caernarvon- 
shire, and  other  adjacent  counties.  It  might  hence  be  in- 
ferred that,  when  the  igneous  eruptions  producing  the  latter 
were  effected,  fissures  were  formed  in  the  still  more  ancient 
deposits  (Cambrian)  and  molten  matter  injected  into  them,  and 
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that  igneous  action  ceasing,  the  adjoiaiog  higher  partB  of  the 
Silurian  deposits  were  undisturbed  by  the  intrusion  of  any 
igneous  matter.  It  is  &r  from  improbable  that  this  inference 
would,  in  a  great  measure,  be  correct ;  but  that  it  is  not  wholly 
80,  the  inspection  of  dykes  of  the  same  kind  trayertnng  raiioos 
parts  of  Anglcsea,  and  seen  to  cut  into  the  ooal  measures  of 
the  Menai  Straits,  between  Bangor  and  the  great  suspension 
bridge,  at  once  shows.  It  may  readily  have  happened  that 
igneous  matter  had  been  thrown  into  fissures  formed  at  these 
different  times  in  even  the  moderate  area  of  Caemarronshire 
and  Anglesea,  and  hence  it  would  be  hazardous,  without  other 
evidetice,  to  decide  upon  one  dyke  being  separable  in  geolo* 
gical  time  from  another,  even  when  not  far  distant  from  each 
other,  at  the  same  time  that  many  probabilities  mi^t  seem  to 
exist  as  to  the  relatiTe  date  of  some  of  them. 

The  granitic  and  porphyry  dykes  in  Cornwall  and  Devon, 
known  locally  as  elvant,  may  be  taken  in  illustration  of  the 
approximation  to  relative  geol(^ca1  dates  occa»onally  attain- 
able. It  has  been  seen  that  the  granites  of  that  district  were 
upraised  posterior  to  the  deposit  of  the  lower  part  of  the  coal 
measures,  and  anterior  to  Uiat  of  the  new  red  sandstone  series. 
Subsequently  to  the  protrusion  of  the  granite,  aod  to,  at  least, 
its  partial  consolidation,  fissures  were  formed  traversing  both 
the  granites  and  the  various  disturbed  sedimentary  rocks 
adjoining  them,  and  into  these  fissures  molten  matter  was  in- 
troduced, as  shown  previously  (fig.  7,  p.  10),  and  as  may  be 
further  illustrated  by  the  following  section  (fig.  215),  seen  on 
Fig.  ai5. 


the  clifis  at  Trevellas  Cove,  near  St.  Agnes,  where  an  elvan 
■  a,  cuts  through  the  slates  i,  6,  and  is  traversed  by  disloca- 
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tioiis_/*,y,  one  of  which  materially  shifts  the  rocks,  and  thereby 
displaces  the  elvan  dyke,  near  the  aea.  With  respect  to  the 
same  68sure8  having  traversed  both  the  previously-consolidated 
rocks  and  the  granite,  the  following  map  (fig.  216)  of  part  of  the 
mining  district  of  Gwennap,  Cornwall,  may  be  useful,  a,  a, 

Fig.  216. 


feeing  the  granite,  c,  c,  the  schistOBe  rocks  broken  through  by 
it,  b,  b,  the  elvan  dykes,  and  s,  greenstone.  The  fissures  v,  v,  v, 
and  d,  d,  d,  were  produced  at  different  subsequent  periods,  some 
of  them  variously  filled  by  the  ores  of  tin  and  copper,  or  other 
substances,  and  known  (locally)  as  lodes  and  cron  eoureet. 

Upon  examining  the  oompositioa  of  these  elvans,  they  are 
found  to  be  formed  of  matter  similar  to  that  of  the  granites  of 
the  districta,  usually  corresponding  with  any  modificatiooe  ob- 
servable in  patches  of  that  rock  exposed  nearest  on  the  gurfoce. 
Indeed,  they  seem  merely  portions  of  the  same  general  matter 
which  rose  in  fissures  formed  by  the  cracking  of  the  adjacent 
granite,  only  consolidated  on  its  hi^er  parts,  au<^  cracks  also 
extending  through  the  varioaa  rocks  above  the  granite.     The 
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relative  date  would  be  only  so  far  thus  obtained  as  to  show  that 
the  filling  of  the  fissures  was  posterior  to  the  intrusion  of 
the  main  masses  of  granite,  some  of  the  latter  rock,  in  its 
molten  state,  readily  rising  into  such  fissures,  formed  both  in 
its  own  higher  parts,  and  in  any  covering  rocks.* 

Proceeding  eastward,  from  the  Dartmoor  granite  to  the 
boundary  of  the  new  red  sandstone  series,  where  this  reposes  on 
the  uneven  surfaces  and  indentations  of  the  older  and  previ- 
ously-disturbed fossiliferous  deposits  in  that  direction,  igneous 
rocks  are  found  associated  with  its  lowest  part  in  some  loca- 
lities, pointing  to  local  igneous  action,  while  these  lowest  beds 
were  accumulating.  Not  only  are  some  of  these  lower  accu- 
mulations so  entangled  with  the  igneous  rocks,  that  there  appears 
difficulty  in  not  considering  them  of  contemporaneous  production 
as  a  whole  ;f  but  there  would  also  appear  to  be  traces  of  sub- 
aerial  action.  The  latter  seems  to  occur  near  Cal  verleigh,  where, 
as  in  the  annexed  section  (fig.  217),  a,  a,  represent  the  disturbed 
beds  of  the  lower  coal  measures,  at  part  of  an  ancient  gulf 

Fig.  217. 


CalTerleigh. 


amid  those  rocks  ;  i,  a  conglomerate  wholly  composed  of  por- 
tions of  these  subjacent  deposits,  cemented  by  red  sandstone 
and  argillo-arenaceous  matter,  without  any  fragments  of  igneous 

*  OccasioDally  fhigments  have  been  detached  firom  the  adjacent  rocks,  and 
enTeloped  in  the  molten  matter  of  the  elyans.  That  at  Pentuan  is  among  the 
best  examples  of  this  circumstance.  This  elTan  is  a  fine-grained  oompouid 
of  felspar  and  quarts,  with  crystals  of  mica.  Fragments  of  the  slate  rocks 
traTcrsed  are  found  in  it  Occasionally,  though  rarely,  there  are  portions  of 
quarts  which  appear  to  have  been  broken  off  some  qnartz  yein  in  the  slates^ 
and  thus  became,  like  the  other  fragments,  included  in  the  m<^ten  rock.  In  a 
branch  of  the  Pentuan  eWau,  taking  a  course  alongshore  to  the  Black  Head, 
the  fhigments  derived  from  the  adjoining  rocks  are  very  numerous,  decreasing 
in  abundance  firom  the  sides  of  the  dyke  towards  its  central  part,  in  which  they 
are  rarely  detected. 

t  The  intimate  connexion  of  igneous  rocks  and  the  red  sandstone  series  at 
Thorverton  and  Silverton  was  pointed  out,  in  1821,  by  the  Rev.  J.  Conybeare, 
«  Annals  of  Philosophy,"  new  series,  vol.  ii.,  p.  161. 
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rocks ;  c,  felspatfaic  porphyries,  and  more  compact  felspathic 
rocks,  some  scoriaceous ;  and  d^  conglomerates  and  sandstones, 
fragments  of  the  igneous  rocks,  and  others  of  a  similar  cha-. 
racter,  being  contained  in  the  conglomerates.  Along  the  range 
of  the  igneous  rocks,  particularly  on  the  north  of  them,  there  is 
an  arenaceous  deposit,  here  and  there  mingled  with  the  ordinary 
sandstone,  which  bears  a  great  resemblance  to  a  volcanic  pro- 
duct, so  much  so  as  to  lead  to  the  inference  that  it  had  been 
ejected  in  the  manner  of  volcanic  ash,  and  that  fallmg  into 
water,  it  had  been  mingled  with  the  mud,  sand,  and  gravel, 
adjoining  some  volcanic  vent  of  the  time.* 

The  igneous  rocks  of  this  date  can  be  well  studied  at  the 
base  of  the  new  red  sandstone  series  from  Exeter  to  Haldon 
Hill.  Tliey  are  seen  at  Pocombe  Hill,  resting  directly  on  the 
edges  of  the  disturbed  and  subjacent  coal  measures,  and  are 
chiefly  formed  of  a  siliceo-felspathic  compoimd,  with  occasional 
though  not  numerous  vesicles.  These  igneous  rocks  are  also 
well  exhibited  between  Ide  and  Dunchidiock,  resting  on  similar 
accumulations.  Near  Western  Town,  the  intimate  connexion 
between  them  and  the  red  sandstone  and  conglomerates  can  be 
seen.  By  reference  to  geological  maps,  it  will  be  observed 
that  the  igneous  rocks  thus  associated  with  the  lower  portions 
of  the  new  red  sandstone  series  near  Exeter,  Crediton,  Thor- 
verton,  Kellerton,  Silverton,  and  even  near  Tiverton,  have  been 
thrown  out  in  a  prolongation  of  the  general  direction  of  the 
granite  bosses  and  elvans  extending  from  the  Scilly  Islands  to 
Dartmoor.  By  examining  their  component  parts,  they  are 
observed  to  be  formed  of  substances  corresponding  with  those 
found  in  these  granites  and  elvans.  While  many  of  them  pre* 
sent  a  porphyritic  character,  others  are  more  homogeneous  in 


*  The  facts  in  this  locality  would  appear  to  show,  that  along  a  range  of 
ancient  coast,  of  a  date  corresponding  to  the  first  prodnction  of  the  new  red 
sandstone  series  of  Devon  and  Somerset  (see  Maps  of  the  Greological  Surrey, 
Sheets  20,  21,  22),  there  was  (V)  f^  subaqueous  yalley,  or  depression,  among 
the  disturbed  coal  measures,  there  occurring,  the  partial  abrasion  of  which  by 
breakers  on  the  shores  adjoining  produced  (2)  the  shingles,  and  other  detritus, 
now  forming  a  conglomerate.  Subsequently  (3),  igneous  products  were  accu- 
mulated, probably  ejected  from  a  neighbouring  vent,  which,  with  others  in 
South  Devon,  were  then  in  action ;  and  finally  a  partial  destruction  of  these 
rocks  affording  (4)  some  of  the  materials  for  a  conglomerate,  afterwards  formed. 
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structiirey  and  sometimes  vesicular.  Much  of  the  lower,  new 
red  conglomerates  and  breccias  in  the  neighbourhood  of  these 
igneous  rocks  is  composed  of  fragments  derived  .from  them,  so 
ihat  these  fragments^  if  again  gathered  together,  would  con- 
stitute no  inconsiderable  mass.  Among  them  many  porphyries 
are  found,  as  well  containing  crystals  of  quartz  as  felspar. 
Masses  of  the  igneous  rocks  from  which  they  are  denied  are 
not  often  observable,  though  in  such  a  district  the  portions 
visible  on  the  surface  aflford  no  measure  of  the  igneous  masses 
which  may  be  buried  beneath  a  thick  covering  of  detrital 
matter.  It  is,  therefore,  important  to  observe  porphyries  in  ^ 
place,  sometimes  only  containing  quartz  crystals;  at  others, 
these  mingled  with  crystals  of  felspar,  associated  with  the 
lower  part  of  the  new  red  sandstone  series,  at  Ideston  and 
Ejiole. 

Weighing  all  the  facts  thus  observable,  the  geologist  might 
be  led  to  infer  that  the  date  of  at  least  some  of  the  elvans  of 
Cornwall  and  Devon,  though  they  are  uncovered  by  deposits 
affording  direct  means  for  approximating  to  the  time  when  they 
rose  in  the  fissures  where  they  are  found,  might  not  very  mate- 
rially  differ  from  the  commencement  of  tliose  accumulations  which 
constitute  the  lower  portion  of  the  new  red  sandstone  series  of 
that  part  of  England,  granitic  matter  constituting  the  base  of 
the  various  rocks  ejected,  and  being  merely  modified  in  its 
aspect  according  to  the  varied  conditions  to  which  it  had  been 
subjected.  So  much  denudation  has  taken  place  in  this  region 
ance  these  ancient  igneous  rocks  were  ejected,  that  no  doubt 
many  a  mass  showing  any  connexion  which  once  existed  be* 
tween  such  igneous  rocks  as  those  near  £xeter  and  other  adja- 
cent parts  of  Devonshire  has  been  swept  away.  As  illustrating 
a  denudation  of  deposits  of  the  new  red  sandstone  series  in 
Devonshire,  so  that  a  portion  of  them  only  now  remains, 
we  have  already  noticed  the  Thurlestone  rock  in  Bigbury 
Bay  (fig.  47,  p.  60),  a  detached  piece  of  a  small  patch  there 
occurring.  Proceeding  still  further  westward  to  Plymouth 
Sound,  a  porphyritic  rock  of  the  same  general  kind  as  those 
which  are  found  near  Exeter,  is  seen  cutting  through  the 
Oevonian  rocks  at  Cawsand,  and  on  the  coast  thence  towards 


ELVANS  OP  WICKLOW  AND  WEXFOKD.  655 

Redding  Point,*  forming,  as  it  were,  a  sort  of  connecting  link 
between  the  elvans  more  eastward  and  the  igneous  rocks  above 
noticed,  and  appearing  to  constitute  the  denuded  remains  of  the 
lower  part  of  the  new  red  sandstone  series,  extending,  with  au 
admixture  of  igneous  products,  in  this  direction,  a  small  patch 
still  remaining  of  the  old  continuous  deposit  at  Bigbury  Bay, 
and  ai  Slapton,  in  Start  Bay. 

With  respect  to  the  elvan  dykes  in  the  counties  of  Wicklow 
and  Wexford,  which  in  their  mode  of  occurrence  and  aspect 
resemble  those  of  Devon  and  Cornwall,  though  an  observer 
does  not  appear  to  possess  the  same  opportunities  of  inferring 
their  relative  dates,  inasmuch  as  igneous  rocks,  composed  of 
mmilar  substances  with  these  elvans  have  not  hitherto  been  de- 
tected in  the  lower  part  of  the  old  red  sandstone  covering  up 
the  disturbed  rocks  in  which  the  fissures,  filled  by  them,  have 
been  efiected ;  still,  as  the  old  red  sandstone  contains  portions 
of  the  granite  of  the  district,  and  is  uncut  by  the  elvans,  it 
might  be  inferred  that  the  date  of  these  elvans  was  not  only 
posterior  to  the  granite,  but  also  anterior  to  the  old  red  sand^ 
stone.  They  are  to  the  granites  of  this  part  of  Ireland  what  the 
elvans  of  Devon  and  Cornwall  are  to  the  granite  of  that  part  of 
England.  They  seem  the  result  of  cracks  from  the  cooling 
and  solidification  of  a  crust,  so  to  speak,  of  the  molten  mass 
beneath,  such  cracks  passing  through  superincumbent  rocks 
adhering  to  this  cooled  and  solidified  crust.  The  elvans  of 
Wicklow  and  Wexford  can  be  well  studied,  not  only  inland 
but  on  the  coasts.  Good  examples  of  their  mode  of  occurrence 
at  the  latter  are  to  be  found  at  Seapark  Point,  Wicklow. 

Of  the  two  classes  of  igneous  rocks  above  noticed,  the  one 
chiefly  difiers  froti  the  otlier  chemically,  in  the  presence,  in 
part  of  one  class  only,  of  a  larger  proportion  of  lime  and  mag- 
nesia, these  sometimes  replaced  by  oxide  of  iron.  This  difler- 
ence  is  principally  confined,  as  a  whole,  to  that  portion  of  one 
class  which  contains  the  mineral  named  hornblende  in  which 


*  This  porphyritic  rock  is  a  compound  of  felspar  and  quartz,  containing 
crystals  of  mica,  and,  more  rarely,  of  felspar.    It  is  of  a  somewhat  earthy 
character,  probably  from  the  effects  of  decomposition.    The  colour  is  reddis* 
as  a  mass,  mixed  occasionally  with  spots  of  bluish  green. 
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the  silicates  of  lime  and  magnesia,  though  somewhat  yariable 
in  quantities,  form  marked  ingredients,  the  lime  alone  amount- 
ing to  from  10  to  15  per  cent,  of  that  mineral,  and  the  mag- 
nesia varying  from  15  to  25  per  cent.  Usually  in  these  rocks 
the  protoxide  of  iron  more  or  less  replaces  some  of  the  lime 
or  magnesia  of  the  hornblende.  The  presence  of  hornblende, 
when  in  proportions  extending  even  to  ^th  or  ^rd  of  the  mass, 
renders  the  rock  in  which  it  thus  occurs  far  more  fusible  than  the 
compounds  of  felspar  and  silica,  or  of  felspar,  quartz,  and  mica, 
a  difference  due  probably,  in  great  measure,  to  the  silicate  of 
Ume  acting  as  a  flux. 

In  the  other  igneous  rocks,  those  which  have  been  ejected  in 
a  molten  state  (not  referring  to  those  which  have  been  noticed 
under  the  head  of  modem  volcanic  products),  and  in  the  first 
place  confining  our  attention  to  the  great  mass  of  them  com- 
posed of  two  or  more  of  the  minerals  named  quartz,  felspar 
(whether  orthoclase  or  albite),  mica,  and  hornblende,  as  chief 
and  prevailing  substances,  neither  in  the  compounds  of  quartz 
and  felspar,  nor  in  that  of  quartz,  mica,  and  felspar  (orthoclase 
or  albite),  is  there  the  same  amount  of  lime  as  when  hornblende 
enters  into  the  mass.  The  prevailing  mica  in  such  rocks 
seems  to  be  that  commonly  termed  potash-mica,  from  tiiat  sub- 
stance being  a  marked  ingredient  in  it  In  this  mineral  the 
lime  is  usually  in  very  small  quantity,  commonly  under  1  per 
cent.  In  the  lithia  and  magnesia  micas  it  is  rare,  and^  when 
found,  has  been  so  only  in  very  small  proportion.  In  the  felspar, 
also,  when  either  orthoclase  or  albite,  members  of  this  &mily 
apparently  much  distributed  amid  the  older  igneous  rocks, 
lime  has  only  been  detected  hitherto  in  small  quantities,  rarely 
in  proportions  equal  to  1  per  cent*  In  compounds  wherein 
labradorite  is  found,  the  case  would  be  different,  since  this  is  a 
felspar  in  which  lime  usually  occurs  in  comparatively  laige 

*  Dr.  Abich  found  1*26  of  lime  in  the  orthoclase  in  the  trachyte  of  PanteU 
laria,  and  2*06  in  the  basis  of  the  DrachenfelB  trachyte.  The  orthoclase  of  the 
older  igneous  rocks  has  not  hitherto  afforded  any  proportion  of  this  kind, 
though  at  the  same  time,  it  most  be  confessed,  that  the  igneons  rocks  of  that 
date  have  not,  as  yet,  received  sufficient  extended  examination  to  arrive  at  any 
accurate  results  as  to  the  chemical  composition  of  the  greater  masses. 
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proportions,  from  10  to  15  per  cent.  Silicate  of  lime,  there- 
fore, would  appear  to  constitute  a  marked  source  of  difference 
between  the  igneous  rocks  with  and  without  hornblende  and 
labradorite.  With  respect  to  the  magnesia  in  many  horn- 
blendes, this  also  would  be  a  substance  of  importance  when 
compared  with  compounds  of  quartz,  felspar  (either  orthodase, 
albite,  or  labradorite),  and  mica,  unless  the  latter  were  magnesia 
mica,  into  which  this  substance  is  found  to  enter  in  proportions 
varying  from  10  to  15  per  cent.,  or  those  varieties  of  felspar, 
which  have  been  referred  to  orthoclase,  and  yet  contain  from 
10  to  20  per  cent  of  magnesia. 

As  the  trachytes  of  more  modem  geological  times  have  been 
inferred  to  be  some  modifications  of  granites  (p.  416),  the 
observer  might  be  induced  to  inquire  how  far  the  old  igneous 
products  noticed  as  occurring  like  certain  of  those  of  the 
present  time  may,  in  like  manner,  have  been  modifications  of 
granitic  matter  beneath  them ;  how  far»  in  fact,  certain  of  the 
molten  felspathic  rocks  of  the  British  islands  associated  with  the 
older  fossilliferous  deposits  may  have  been  the  trachytes  of 
those  times,  and  have  been  derived  from  granitic  matter 
below  them,  such  granitic  matter  afterwards  upheaving  these 
earlier  modifications  of  portions  of  it,  when  geological  time 
advanced  and  with  it  conditions  for  such  a  movement.  With 
the  homblendic  compounds  there  would  be  the  same  difficulty 
as  with  the  modem  dolerites  and  lavas  of  that  class,  so  far  as 
the  silicate  of  lime  was  concerned,  though  in  botb  cases>  sup- 
posing silicate  of  lime  to  form  a  marked  part  of  a  fused  mass, 
that  it  should  be  ready,  as  a  substance  fluxing  others,  to  be 
thrown  upwards,  might  be  anticipated  from  the  conduct"  in  our 
furnaces  of!  the  slags  into  which  silicate  of  lime  largely  enters. 

Respecting  the  compound  of  the  matter  of  felspar  and  an  addi- 
tional quantity  of  silica  beyond  that  required  for  the  silicates  in 
the  minerals  of  that  family,  good  opportunities  are  often  afforded 
for  studying  the  variable  aspect  it  assumes  as  the  conditions  for 
cooling  may  have  been  favourable  or  otherwise  to  the  crystalliza- 
tion of  the  felspar.  When  cooled  so  that  the  crystallization  is 
not  apparent,  the  compound  has  a  homogeneous  aspect,  and  is 
commonly  known  as  compact  felspar ;  when  confusedly  crys- 
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tallized  and  silica  is. well  separated,  as  quartz,  from  the  other 
ingredients,  it  forms  one  of  those  binary  granitic  mixtures 
sometimes  termed  granitello.  Occasionally  crystals  of  felspar 
beiug  developed  while  the  remainder  of  the  rock  retains  its 
homogeneous  character,  a  variety  of  homstone  porphyry  is  pro- 
duced.* The  variable  aspect  of  the  less  crystalline  varieties 
may  be  seen  in  numerous  situations,  the  complete  crystallization 
not  so  frequently.!  In  countries  in  which  granitic  matter  has 
upheaved  the  prior  superficial  accumulations  of  this  class,  the 
resemblance  of  some  kinds  of  products  is  sometimes  so  consider- 
able as  occasionally  to  lead  to  much  ambiguity  respecting  their 
relative  dates. 

Kee[nng  for  more  easy  illustration  to  tiie  districts  men- 
tioned,  though  the  observer  might  be  exposed  to  some  difficul- 
ties in  determining  the  relative  age  of  some  of  the  igneous 
products,  when  their  composition  is  alone  regarded,  he  would 
experience  none  when  he  compares  the  manner  in  which  those 
contemporaneously  associated  amid  the  ordinary  sedimentary 
deposits  of  their  respective  times  occur  with  that  in  which  the 
granites  of  the  same  districts  are  found.  Whether  he  studies 
the  granite  of  south-western  England,  or  that  of  prior  elevation 
in  south-eastern  Ireland,  he  finds  the  same  general  mode  of 
occurrence,  one  very  different  from  that  of  the  igneous  pro- 
ducts associated  with  the  Devonian  rocks  in  one  district,  and 
the  Silurian  rocks  in  the  other.  There  is  no  interstratification 
and  contemporaneous  intermingling  of  parts,  but  on  the  con- 
trary evident  protrusion  in  mass,  and  a  subsequent  filling  of 
fissures  traversing  the  beds  of  pre-existing  deposits.  In  both 
districts,  the  granitic  protrusions  appear  the  accompaniments  of 
great  contortions,  foldings,  and  even  dislocations  of  prior 
accumulations  of  all  kinds,  as  if  amid  tiiis  squeezing  and  new 

*  Of  a  columnar  mass  of  the  %tter,  the  colomiis  in  part  ■omewhat  bent,  a 
good  example  may  be  seen  among  the  igneous  prodncts  associated  with  the 
Silurian  series  west  of  Knock  Mahon,  on  the  coast  of  Waterfbrd. 

t  A  good  example  of  a  binary  compound  of  quarts  and  felspar  may  be  tend 
among  the  igneous  rocks  amid  the  Cambrian  series,  close  to  the  town  of  Caer- 
narvon, on  the  northward ;  part  of  a  portion  of  molten  matter,  in  which  the 
more  common  homogeneous  mode  of  occurrence  of  the  silicatea  of  the  felspar 
combined  with  the  quartz,  prevails. 
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adjustment  of  such  accumulations  molten  matter  beneath  rose 
upwards  (there  being  sufficient  pressure  upon  it),  and  occupied 
areas  where  the  resistance  of  any  prior  superficial  covering  was 
insufficient  to  resist  this  intrusion. 

Upon  examining  the  boundaries  of  the  granitic  masses 
observable  on  the  surface,  the  amount  of  fractures  affected 
around  them,  and  in  the  various  rocks  adjoining,  is  found  to  be 
considerable.  Indeed,  where  opportunities  are  afforded  either 
by  natural  exposures  or  artificial  sections,  they  are  seen  to  be 
common.  Thus  independently  of  any  great  movements  or 
dislocations  of  prior-formed  rocks  of  all  kinds,  the  margins  of 
the  granitic  intrusions  are  themselves  marked  by  abundant 
fractures  on  a  minor  scale,  as  if  that  intrusion  had  itself  in 
some  measure  been  connected  with  their  production.  As  to 
the  extent  of  the  fractures  into  the  adjoining  and  prior-formed 
rocks,  it  may  be  considered  as  somewhat  insignificant  when 
regarded  with  reference  to  their  mass  and  that  of  the  granites. 
In  the  range  of  the  Wicklow  and  Wexford  granite,  not  only 
are  these  cracks  found  abundantly,  but  evidence  is  also  afforded 
of  huge  detached  masses  of  detrital  rocks  being  apparently 
embedded  in  the  external  parts  of  the  same  granite.  This  can 
be  well  studied  in  Glenmalure,  where  such  great  masses  seem 
as  if  partly  contained  in  the  granite,  having  floated  on  that  rock 
when  in  a  molten  state,  like  great  icebergs  in  the  sea,  and  like 
them  also  in  part  submerged.  No  doubt  this  may  be  only 
appearance,  as  the  parts  connecting  these  masses  may  have 
been  removed  by  denudation.  At  the  same  time  when  sections 
are  made  of  the  whole  on  a  scale  equal  for  height  and  distance, 
and  all  the  foldings  of  the  older  rocks  are  considered,  a  great 
breaking  up  of  the  latter  seems  needed  to  account  for  the 
mode  of  occurrence  of  all  the  rocks.  No  doubt  that  much  of 
both  the  older,  rocks  and  the  granite  of  south-eastern  Ireland 
has  been  removed  by  denudation  effected  during  a  long  lapse 
of  geological  time,  often  by  abrasion  from  heavy  breaker  action,, 
while  rising  above  or  descending  beneath  the  ocean  level;* 

*  It  is  not  a  little  interesting,  in  this  part  of  Ireland,  to  study  the  denudation 
with  reference  to  the  exposure  of  both  the  granite  and  altered  sedimentary 
rocks  f'for  thev  and  certain  associated  isneous  products  of  that  date  are  much 


I 
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yet  there  still  appears  to  have  been  disruption  of  the  prioiv 
formed  Cambrian  and  Silurian  rocks.  The  curve,  which 
agrees  with  the  upraised  masses  of  the  prior-formed  rocks,  and 
fortunately  many  of  these  are  still  preserved,  showing  the  pro- 
bable extent  to  which  they  have  been  so  raised  to  a  height 
above  those  crumpled  and  folded  on  either  side,  is  of  the  kind 
represented  beneath  (fig.  218).  This  may  not  be  considerable, 
yet  it  seems  difficult  to  obtain  the  effects  produced  without  much 
separation  as  well  as  disruption  of  parts  of  the  older  rocks.  In 
this  section,  upon  the  same  scale  for  heights  and  distances,  a,  a, 
is  the  intruded  granite  c,  c,  the  contorted  and  older  rocks  on 
either  side,  altered  near  the  granite,  and  &,  i,  bj  portions  of 
them  uplifted,  a  larger  mass  forming  the  summit  of  (L)  Lugna- 
quilla. 

Fig.  218. 


Upon  examining  the  contents  of  the  cracks  in  the  prioiv 
formed  rocks  surrounding  the  granitic  masses,  they  are  found 
filled  with  the  granite  in  such  a  manner  as  to  show  the  com- 
parative liquidity  of  that  substance  when  the  cracks  were  made 
and  filled,  for  even  fine'  threads  may  be  occasionally  seen, 
branching  out  of  the  main  cracks,  with  granitic  matter  in  them. 
Though,  as  might  be  anticipated,  the  crystallization  of  this 
matter  is  modified  in  the  finer  fissures,  from  differences  of  the 

modified  and  altered,  as  will  be  hereafter  notioed)  to  the  same  degrading  foroes. 
llie  granite  is  often  of  a  deoomposing  kind,  while  the  altered  rocks  are,  for 
the  most  part,  toogh ;  hence  the  exposure  of  both  to  the  same  abrading  force 
has  caused  the  softer  sabstance  to  be  worn  away  more  than  the  harder.  In 
consequence,  the  tough  altered  rocks  have  been  the  means  of  preserving  mndi  of 
the  granite  beneath  them  from  remoYal.  Lugnaquilla,  the  higheit  of  the 
range,  is  capped  by  these  altered  rocks,  now  chiefly  mica  slates ;  and  many 
other  examples  of  heights  and  flanks  of  mountains  thus  presenred  may  be  seen. 
When  this  denudation  is  also  studied  with  reference  to  an  Atlantie  exposure, 
the  interest  is  not  lessened,  inasmuch  as  the  western  flanks  of  the  mountains 
point  to  more  abrasion  on  that  side  than  on  the  east,  just  as  would  happen  from 
the  destruetiTe  influence  of  Atlantic  breakers,  rolling  in,  as  now,  from  the 
westward.  It  requires  very  litUe  imagination,  when  standing  upon  some  parts 
if  this  range,  to  fill  up  the  lower  ground  with  sea,  |o  that  the  AUantic  may 
reak  upon  the  clifb  beneath,  facing  the  west.  In  the  range  of  mountains  near 
hat  named  Blackstairs,  the  cliff  character  of  the  western  flanks  is  verj  marktfd. 
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rate  of  coolii^  alone,  the  contents  of  the  granitic  veins  generally 
would  point  to  long-sustained  heat  among  the  intruded  rocks, 
the  whole  having  probably  required  a  considerable  lajiBe  of 
time  for  BolidificatioD.    The  following  sketch  (fig.  21d)  of  some 

Fig.  ai9. 


granitic  veins  at  Wicca  Cove,  or  Pool,  near  Zennor,  Cornwall, 
may  aerve  to  illustrate  the  mode  of  occiurence  of  many  of 
them,  and  the  annexed  section  (fig.  220)  will  show  their  con- 
Fig.  231). 


nexion  with  an  adjacent  mass  of  granite  behind  the  rocks  ex- 
posed in  the  sketch  (219),  a,  a,  being  the  granitic  veins,  b,  b, 
altered  slate,  and  c  the  main  mass  of  granite. 

The  west  coast  of  Cornwall,  exposing  the  junction  of  the 
granite  of  that  district  with  the  sedimentary  deposits  and 
the  igneous  rocks  associated  with  them,  ofiers  many  other 
illustrative  instances,  ae  at  Fendeen  Cove,  Cape  Cornwall, 
Tetterdu  Poiut,  Monsehole,  and  other  places.  They  are  also  as 
well  and  easily  seen  at  St  Michael's  Mount  The  annexed 
plan  (fig.  221,  p.  662),  exhibits  a  somewhat  complicated  fracture, 
the  shaded  parts  (a,  a,  a)  being  altered  slates,  and  the  dotted 
portion  granite,  the  mass  ofthelatter  occurring  on  the  side  b,  b. 
Looking  at  these  veins  as  a  whole,  it  would  often  appear  as  ' 
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the  prior-formed  rocks  had  not  yielded  very  slovly  to  Uie  force 

applied,  but  in  a  comparatiTely  sudden  manner,  the  granitic 

Fif.  sai. 


matter  being  driven  into  the  cracke  fonned  by  heavy  pressure  so 
as  to  fill  up  the  fine  fissures."  There  often  also  seems  evidence 
of  cracks  having  been  formed  after  only  a  mere  comparative 
film  of  the  main  moss  of  granite  had  been  consolidated,  granitic 
veins  similar  to  those  amid  the  prior-fonned  rocks,  and  clearly 
merging  into  the  main  mass  of  granite  at  its  junction  with 
those  rocks,  b^g  found  alike  to  traverse  a  certain  amount  of  the 
external  parts  of  the  granite  and  these  other  rocks.t  In  general 
such  veins  are  eaaly  to  be  distinguished  from  the  elvan  dykes 
(the  result  apparently  of  subsequent  action)  by  their  tor- 
tuous courses,  and  by  their  general  resemblance  to  those  first 
formed  amid  the  older  rocks  at  their  junction  with  the  gramte.! 

*  Forlions  of  tbne  rockt  ara  aometimes  found  cotopleiel;  iKdued  La  tlw 
matter  of  the  gnniiic  tiAb. 

f  IntlancM  of  this  kind  are  not  nneommon.  both  in  sonth-eaitern  Ireland 
and  loath-wetieni  England.  They  are  veil  exhibited  at  Killinej  Hill,  near 
Dablin,  and  the  large  raanea  of  granite  broaght  troia  thence  for  the  harboor 
at  Eingatovn  often  show  theio.  They  are  alio  to  be  veil  seen  in  the  granite  of 
th«  Sully  lilandi,  and  the  ezpoaed  granites  of  the  Land'a  End  tout,  u  at  TU- 
Pedn-Penirith  and  Lamoma  Cove, 

I  la  ezamiaing  granitic  conatrie*  it  ii  very  needfol  not  to  roafbond  the 
filling  of  jointa  la  granitavith  qoartx,  fels|<ar,  and  mica,  iathe  maDDemT 
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The  chemical  compositioii  of  gramtic  masses  will  necessarily 
engage  the  attention  of  the  observer,  more  especially  when  he 
considers  that  so  much  of  the  detrital  deposits  of  all  ages  have 
been  derived  from  granitic  matter ;  indeed,  the  volume  thus 
distributed  as  detrital  accumulations  must  be  enormous.  As 
has  been  seen,  the  elementary  substances  forming  the  chief 
part  of  the  volume  of  this  rock  do  not  appear  to  be  numerous. 
For  certain  of  the  modifications  of  mineral  structure  it  may  be 
again  desirable  to  refer  to  the  portions  of  the  British  islands 
already  noticed,  since  the  relative  ages  of  the  igneous  rocks 
in  them  are  so  well  shown.  Fundamentally,  the  coDstituents 
of  the  granites  in  south-western  England  and  soutli-eastem 
Ireland  seem  little  different.  The  chief  variations  may  pro- 
bably consist  in  the  greater  admixture  of  schorl  with  the  other 
constituent  minerals  in  the  former  than  in  the  latter ;  indeed,  ge- 
nerally speaking,  it  is  rare  in  the  granites  of  southern  Ireland. 
Such  differences  can  readily  be  considered  as  merely  local,  the 
same  molten  matter  beneath  having  supplied  the  portions  up- 
raised at  different  geological  times.  Be  this  as  it  may,  the 
presence  of  a  mineral  in  any  abundance  which  contains  boracic 
add  as  an  essential  ingredient,*  is  one  of  importance,  more 
particularly  when  we  refer  to  the  researches  of  M.  Ebelmen, 
he  having  shown  that  by  employing  that  acid  as  a  solvent,  at  an 
elevated  temperature,  minerals  may  be  produced  by  the  evapo- 
ration of  this  solvent,  some  of  them  gems,  such  as  rubies, 
which  are  usually  termed  insoluble,  and  infusible  in  our  fur- 
naces^ a  result  having  a  considerable  bearing  upon  the  produc- 
tion of  many  igneous  compounds,  f 

fissarea,  inclading  mineral  yeinSi  with  the  granitic  yeing  noticed  in  the  text ; 
snch  modes  of  filling  being  very  deceptiye,  unless  dae  care  be  employed. 
They  can,  however,  be  nsoally  well  distinguished  by  the  manner  in  which  the 
minerals  occur  in  them,  showing  a  deposit  from  solutions  against  the  walls 
of  the  granitic  fissures,  the  crystals  pointing  inwards,  and  arranged  in  the 
manner  of  many  common  and  mineral  Teins. 

*  The  analyses  of  M.  Hermann  give  about  10  per  cent  of  boracic  acid  in 
schorl,  89  of  silica,  31  of  alamina,  a  yariable  quantity  of  protoxide  of  iron 
(4  to  12  per  cent),  2  to  9  of  magnesia,  with  a  few  other  subordinate,  and, 
probably,  accidental  substances,  snch  as  lithia,  soda,  and  potash. 

f  The  researches  of  M.  Ebelmen  on  this  subject  are  marked  by  the  true 
spirit  of  philosophic  investigation.    He  sought  for  a  substance  which  at  a  high 
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Cornwall  and  Devon  present  frequent  and  good  opportuni- 
ties for  the  study  of  schorlaceous  granites  and  rocks  composed 
of  schorl  and  quartz  (usually  termed  ichorl  rodt)  in  connexion 
with  the  granites  of  that  district  As  might  be  expected  from 
the  comparatively  easy  removal  of  boracic  acid  by  considerable 
heat,  the  chiefly  schorlaceous  compounds  are  found  at  the  ex- 
treme parts  of  the  granitic  masses.  They  vary  from  a  simple 
binary  compound  of  schorl  and  quartz  to  mixtures  of  schorl, 
felspar,  quartz,  and  mica ;  the  latter  is,  however,  not  an  usual 
ingredient  in  the  granitic  rock  when  schorl  is  present  in  any 
abundance.  Complete  passages  may  frequently  be  traced  be- 
tween the  ordinary  compound  of  quartz,  felspai\  and  mica,  by 
the  gradual  loss  of  the  felspar  and  mica,  into  the  simple  mix- 
ture  of  quartz  and  schorl,  the  mica  being  commonly  the  first 
to  disappear.  The  schorl  sometimes  presents  itself  in  radiating 
bunches  of  crystals,  especially  amid  the  quartz.*  Here  and 
there  different  arrangements  of  schorl  and  of  the  other  minerals 

temperature  acts  like  water,  as  regardB  others  dissolved  in  it.  As  by  the  eva- 
poration of  water  certain  crystalline  bodies  might  be  formed,  so,  he  inferred, 
that  by  employing  those  which  could  be  volatilised  at  high  temperatures,  yet 
at  a  given  heat»  while  in  fusion,  be  capable  of  dissolving  the  greater  part  of 
metallic  oxides,  certain  calculated  proportions  of  some  oxides  would  crystal- 
lize, when  the  dissolving  body  was  evaporated  in  open  vessels  at  a  great  heat. 
Acting  upon  this  view,  and  selecting  boracic  acid  as  the  solvent,  he  was  com- 
pletely successful,  producing  rubies,  sapphires,  spinels,  chrysoberyl,  chrysolite, 
ehromate  of  iron,  and  others.  Crystals  of  emerald  were  formed  from  pounded 
emeralds,  when  fused  with  boracic  acid  and  a  little  oxide  of  chromium.  The 
crystals  of  chrysoberyl  were  sufficiently  large  to  have  their  optical  properties 
tried,  and  these  were  found  to  be  identical  with  those  of  the  natural  mineral. 

*  Good  examples  of  nests  of  schorl  in  quartz,  the  crystals  radiating,  may  be 
seen  in  the  Dartmoor  granite,  or  above  Bowdley,  near  Ashburton.  Schorlaceous 
granite  and  schorl  rock  can  be  well  seen  in  the  same  granitic  district  at  Holne 
Lee,  and  on  the  south  of  the  moor,  as  also  near  Tavistock.  The  granite  of  the 
Brown  Willy  mass  is  not  so  schorlaceous,  though  schorl  is  found,  especially 
towards  the  south.  Near  St.  Cleer,  there  are  compounds  of  schorl,  felspar, 
quartz,  and  mica,  similar  to  some  found  on  Dartmoor.  The  St.  Austell  granite 
is  much  more  schorlaceous,  veins  of  that  mineral  being  common  in  it.  The 
decomposed  granite  of  that  district,  furnishing  so  much  clay  to  the  porcelain 
works  of  England,  is  extremely  schorlaceous.  Singular  stripes  of  schorl  rock 
are  found  at  its  outskirts,  as  between  Watch  Hill  and  Long-lane ;  on  the  north 
and  south  of  Burthy  Row,  near  St.  Enoder,  and  at  the  longK«lebrated  Boche 
"lock.  Near  Meladore  there  is  an  interesting  mixture  of'  schorl  and  quartz, 
ntaining  large  crystals  of  felspar,  some  of  these  decomposed,  and  crystallised 
horl  introduced  into  the  cavities  left  by  them.  At  Calliqnoiter  Rock  thera  are 
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present  iJiemselTes.     The  following  (fig.  222)  is  a  somewhat 

marked  instance  of  the  adjustment  of  varied  compounds  round 

Fig.  222. 


a  kind  of  central  nucleus.  It  occurs  in  the  Dartmoor  granite, 
towards  Camwood,  a  is  a  cavity  not  quite  filled  by  long  crys- 
tald  of  schorl,  crosdng  in  many  oblique  directiona,  but  with  a 
general  tendency  towards  the  centre ;  6  is  en  envelope  of  quartz 
and  schorl,  the  former  predominating ;  c,  another  covering  of 
the  same  minerals,  the  schorl  being  more  abundant ;  and  d,  a 
light  6eEh-coloured  granite,  the  felspar  predominating. 

Large  crystals  of  felspar  are  not  uncommon  in  the  granites 
of  Cornwall  and  Devon,  rendering  the  rock  a  porphyritic  gra- 
nite. That  of  Dartmoor  is  not  unfrequently  of  this  character, 
as  is  also  the  granite  of  the  Brown  Willy  district,  and  the  same 
variety  may  be  seen  in  many  other  localitjes.*     The  granites 

TBTuble  mistare*  of  echorl,  quartz,  felspar,  and  mica,  the  oulside  portiooB 
formed  of  the  two  fanner.  The  granite  of  St  Dennis  Hill  i$  in  like  miuiDer  a. 
compoiuul  of  iheie  four  minerala.  The  Cam  Menelez  granite  is  not  bo  Echorla- 
ceoua,  ihongh  schorl  it  found,  and  more  especially  at  the  coDGues  of  the  mass. 
Tbe  Land's  End  granite  is  schorlaceons  to  a  cooaiderable  extent.  A  Ts^t;  of 
schorl  rock,  composed  of  &  base  of  schorl  and  qnartz,  irith  large  erjBtals  of 
felspar,  is  foand  close  to  Trevalga,  near  St.  Ites.  H^re  also,  in  some  parts, 
the  crTElaU  of  felspar  have  been  decomposed  and  removed,  and  the  cavities 
more  or  less  filled  vith  crystals  of  schorl. 

■  As  chiefly  diSering  from  the  ordiaarj  granite,  that  ofSt.  Am^U  ispnbably 
the  moat  marked,  s  iteatitlc  mineral  therein  replacing  iniea  to  a  gr«tf  eztenli 
pcrtiislarly  in  the  portions  which  are  fo^d  in  a  decoikposed  state.  I^ch 
piidte  (a  nlicate  of  alnoTina  and  magnesia,  the  latter  partly  replaoed  by  fro- 
toxiitfof.inm)  is  mingled  iiith  a  part  of  the  granite  near  the  land's  Endi' 
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of  south-eastern  Ireland  are  also  occasionally  porphyritic,  from 
the  distribution  of  felspar  crystals  amid  the  ordinary  triple 
compound  of  quartz,  felspar,  and  qdca. 

Throughout  these  districts,  though  the  granite  may  enter 
the  fractures  of  the  adjacent  and  prior-formed  rocks,  there  is 
no  trace  of  an  overflow  of  the  igneous  matter  in  a  molten 
state,  so  that  the  observer  is  led  to  infer  that,  when  the  intru- 
sion was  effected,  the  igneous  rock  was  not  as  now  exposed  to 
the  atmosphere,  or  beneath  waters  in  such  a  manner  that  it 
could  pass  beyond  the  broken  portions  of  the  deposits  now  form- 
ing its  superficial  boundaries,  and  flow  over  them  in  the  manner 
of  lava  discharged  from  a  volcanic  vent.  If  any  portion  of 
these  granites  did  so  pass  over  prior-formed,  consolidated,  and 
disrupted  rocks,  all  traces  of  such  overflows  have  been  removed 
by  denudation.  Molten  matter  in  a  sufficiently  fluid  state  to 
enter  the  smaller  ramifications  of  the  cracks  €Lround  the  masses 
of  granite,  would  readily,  if  elevated  sufficiently  high,  over- 
flow the  disrupted  and  contorted  deposits  amid  which  it  was 
protruded.  The  covering  of  the  granite  of  south-eastern 
Ireland  is  comparatively  slight;  the  whole  district  adjoining 
the  main  masses  of  that  rock  is  so  pierced  and  cut  by  it,  as  to 
show  upon  the  surfaces  exposed,  that  the  whole  of  the  prioiv 
formed  accumulations  has  been  upborne,  so  that  upon  the 
denudation  of  the  various  inequalities,  the  granite  was  im- 
equally  exposed,  and  this  irregularly  from  the  varied  amount 
of  denudation  in  different  localities,  and  the  uneven  surface  of 
the  granite.*  The  same  may  be  said  with  reference  to  south- 
western England  between  Dartmoor  and  the  Scilly  Islands. 
An  observer  thus  not  finding  a  mode  of  occurrence  showing 
overflows  of  the  molten  matter,  while  he  sees  an  abundance  of 
exposed  surface  of  granite,  often  rising  above  the  relative 
levels  of  the  remains  of  the  prior-formed  rocks  around,  and 
ascertaining  that  these  remaining  parts  are  in  a  great  measure 


*  The  granite  of  the  Island  of  Anglesea,  probably  of  aboat  the  same  date,  is 
also  interesting,  as  showing  how  readily  it  might  be  conoealed  from  soperacial 
exposure,  by  a  somewhat  more  thick  envelope  of  the  Silurian  rocks  through 
which  it  has  risen.  Indeed  some  of  the  portions  exposed  are  mei«ly  minor 
inequalities  cut  into  by  denudation. 
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somewhat  shallow  coverings  of  a  ma^s  of  granite  beneath,  tar 
more  extensive  than  mere  surface  exposure  shows,  may  be 
induced  to  seek  for  an  explanation  of  the  facts  before  him, 
either  in  a  very  considerable  denudation  of  the  matter  which 
once  covered  the  whole  of  such  districts,  or  in  some  combina- 
tion of  denudation,  with  a  continued  elevating  force  acting 
upon  the  whole  after  the  granite  had  first  broken  into  the 
consolidated  and  prior-formed  accumulations.    As  we  see  that  t 

huge  masses  of  igneous,  and  for  the  most  part  previously- 
molten  matter,  may  be  reheated  in  modem  volcanos,  we  can 
readily  conceive  a  mass  of  granite,  after  a  certain  amount  of 
cooling,  again  heated,  so  as  to  yield  to  a  new  movement  of 
elevation,  produced  by  a  force  acting  from  beneath  upwards, 
and  which  not  being  opposed  by  matter  easily  fractured,  lifted 
the  tenacious  rock  to  a  certain  extent,  either  irregularly  in 
part  or  on  some  larger  scale  in  a  more  general  form,  however 
uneven  the  surface  might  be;  the  deposits  effected  anterior 
to  the  first  intrusion  of  the  granite  being,  so  to  speak,  firmly 
dove-tailed  into  the  surface  of  the  latter,  and  following  its 
movement. 

Tljere  is  yet  another  igneous  product  in  a  part  of  this  limited 
area  to  which  a  relative  geological  date  may  be  assigned. 
This  product  is  serpentine,  which  is  chiefly  found  in  consider- 
able abundance  in  the  Lizard  district,  in  Cornwall.  It  is  seen 
among  the  Devonian  rocks  in  a  manner  reminding  us  of  the 
mode  of  occurrence  of  some  of  the  contemporaneous  com- 
pounds of  felspar  and  hornblende,  which  have  been  asso- 
ciated, in  a  molten  state,  with  the  sedimentary  deposits  of  that  . 
date.  That  it  was  vomited  forth  anterior  to  the  granite  of 
the  district,  would  appear  from  its  being  traversed  by  veins  of 
that  rock,  in  the  same  manner  that  other  rocks  of  the  district 
are  traversed  by  them.  Even  allowing  that  these  veins  may 
be  of  no  greater  antiquity  than  the  elvans  of  the  same  county, 
this  would  limit  tiie  fissures  for  their  introduction  to  about  the 
age  of  the  lower  new  red  sandstone  deposits  of  that  land.  At 
Clicker  Tor,  south  of  Liskeard,  serpentine  is  found  amid 
Devonian  slates,  and  near  Yeryan,  diallage  rock  (diallage  and 
felspar)  is  seen  associated  with  similar  serpentine,  and  in  a 


c 
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manner  pointing  to  an  ejection  of  these  rocks  in  the  same 
way  as  certain  greenstones  amid  accumulations  of  the  igneous 
products  of  the  district.  The  position  of  the  Lizard,  serpentine, 
and  the  diallage  rock  found  with  it,  seems  much  the  same  with 
these  minor  portions  of  serpentine  more  eastward.  It  occupies 
a  somewhat  comparatively  large  area,  reposing  upon  horn- 
blende slates  and  rock,  which  appear  little  else  than  the 
ordinary  volcanic  ash-beds  above  mentioned  as  intermingled 
contemporaneously  with  the  ordinary  detrital  deposits  of  the 
time  and  locality  (p.  640).*  There  is  often  an  apparent  pas- 
sage from  the  diallage  rocks  into  the  serpentine,!  while  also 
there  seems  an  intrusion  of  serpentine  amid  the  former,  as 
between  Dranna  Point  and  Porthalla. 

Though  there  may  be  some  intermixtures  of  the  serpentine 
and  the  diallage  rock  rendering  their  relative  antiquity  a  little 
doubtful  in  places,  as  a  whole,  the  latter  would  appear  to  have 
been  thrown  up  after  the  former.  At  the  junction  of  the  dial- 
lage rock  of  Crousa  Downs  and  St  Keveme,  with  the  serpen- 


*  It  is  not  altogether  clear  whether  this  alteration  may  not  be  dae  to  the 
influence  of  some  granitic  mass  beneath,  with  which  the  granite  yeins,  travers- 
iog  the  serpentine,  may  be  connected,  such  granitic  mass  closer  to  the  latter 
than  might  be  inferred  from  the  natnral  sections,  inasmuch  as  beneath  the 
hornblende  rocks  and  slates,  there  are  taloo-micaceous  slates,  to  a  certain  extent 
interstratified  with  the  latter,  much  reminding  the  observer  of  the  -varioos 
alterations  effected  in  the  proximity  of  the  granites  of  the  district  A  glance  at 
the  (geological  Surrey  Maps  (Sheets  23,  24,  25,  SO,  31, 32),  or  at  the  Index  Map 
in  the  Report  on  the  Geology  of  Cornwall,  will  show  that  there  may  readily 
be  a  line  of  granite  concealed  beneath  the  sea,  and  ranging  in  a  somewhat 
general  manner  with  the  granite  from  Dartmoor  to  the  Land's  Bnd,  which  has 
caused  the  alteration  of  the  rocks  into  the  mica  slate  and  gneiss  of  the  Start 
Point,  and  Bull  Head,  Devon,  and  produced  the  gneiss  on  which  the  Edystooe 
Lighthouse,  in  f^ont  of  Plymouth  Sound,  is  erected,  and  the  taloo-micaceoos 
slates  of  the  Lizard  Point.  The  connexion  of  the  hornblende  slates  with  the 
latter  may  be  conveniently  seen  near  Poltreath,  on  the  west  of  the  Lizard  Town. 

-)-  As  we  have  elsewhere  remarked  (Report  on  the  Geology  of  ComwaU,  &c., 
p.  30),  '*  whatever  the  cause  of  this  apparent  passage  may  have  been,  it  is  very 
readily  seen  at  Mullion  Ck>ve,  at  Pradanack  Cove,  at  the  coast  west  of  the  Lisard 
Town,  and  at  several  places  on  the  east  coast  between  lAndewednaek  and 
Kennick  Cove,  more  particularly  under  the  Balk,  near  Landewednack,  and  at 
the  remarkable  cavern  and  open  cavity  named  the  Frying  Pan,  near  Cadgwith. 
It  will  generally  be  found  that,  at  this  apparent  passage  of  one  rock  into  the 
other,  there  is  calcareous  matter,  and  a  tendency  to  a  more,  red  colour  in  the 
serpentine  near  its  base  than  elsewhere. 
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tine  at  Coverack  Core,  veins  of  the  former  cut  thro 
latter.*  On  observing,  alao,  the  connexion  of  these  t^ 
in  a  range  extending  from  Careglooz  through  Gwinter 
Gooobilljr  Downs,  the  diallage  root  seems  to  have  cat 
aod  disturbed  the  serpentine.  Near  Landewednack,  i 
diaUage  rock  appears  to  rise  through  the  honiblende  si 
cut  into  the  serpentine.  Thb  diallage  rock,  as  betwei 
rack  Cove  and  St  Keveme,  passes  occa^onally  inb 
pound,  in  which  hornblende  also  enters  j  so  that  while 
places  it  appears  a  mixture  of  diallage  and  felspar,  in 
more  resembles  one  of  hornblende  and  felspar.  Reg 
mixed  mass  of  matter  in  which  the  proportions  of  t 
substances,  silica,  magnesia,  lime,  alnmina,  and  oxidt 
may  be  unequally  disseminated,  such  changes  may  hi 
appreciated,  the  conditions  for  the  adjustment  of  the  su 
in  crystalline  forms  being  variable.f 

With  respect  to  the  serpentinous  rocks  in  Anglesea  ai 
narvonshire,  the  relative  and  approximative  dates  ar 
certdn.  At  Porthdinlleyn,  a  rock,  which  has  been  a 
termed  serpentine  from  its  appearance,  though  not  a] 
agreeing  with  the  usual  varieties  of  that  rock,  has  a[ 
traversed  the  chloritic  and  micaceous  slates  of  that 
Caemarvonshire  ;  but  being  only  'covered  by  a  rtu 
bottom  of  comparatively  recent  geological  date  (p.  5 
time  when  this  may  have  been  etfected  remiUDS  ( 
though  an  impression  of  its  intrusion  being  even  refi 
the  date  of  some  of  the  older  rocks  of  the  district  mi{ 

*  TheTcini  of  diallagerockin  theserpectiDe  between  theTivulelii 
Cove  uid  the  pier  at  the  village,  will  repay  eiaminatioit.  Some  of 
Urge  grained,  tbe  crjiial*  of  diallage  of  coniidenbte  siie,  remindiiig 
gistofthe  larger-graiiied  gnUro  of  Italy. 

f  Looking  at  the  principal  ingredients  in  hornblende  and  dialiag< 
by  a  meanof  three  analyaet  of  the  former  bfGotchea,  Bontdorff,  andl 
by  a  mean  alio  of  three  analyie*  of  the  latter  by  Kiibler,  BegDuli 
Kobell,  the  ditferences  between  thcK  minerali  would  be  H  beneath  ^ 
Honblntds.  .        DUlliga. 
Silica       .     .     .     40-S6  G!t'00 

Magnesia      .     .     13 -51  15-91 
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In  its  greenish  and  red  colours,  it  much  resembles  the  ordinary 
serpentines.  The  component  parts  are  much  gathered  together 
in  some  stnations  in  irregular  modules,  between  whidi  much 
red  jasper  is  frequently  found,*  as  in  tiie  sobjoined  sketdi 
(fig.  223)  taken  towards  the  north-westfim  point  of  the  road- 
Fig.  233. 


stead,  where  the  dark  portions  represent  the  jasper,  or  otiier 
siliceous  matter  between  the  nodules,  which  are  sometimes  of 
large  size-  Of  the  serpentine  in  Anglesea,  the  aspect  of 
which  presents  much  the  usual  cbaracters  of  that  rock, 
though  some  of  it  may  have  been  in  a  molten  state  when 
included  among  the  beds  where  it  is  now  found,  other  po- 
tions much  remind  the  geolc^st  of  some  romgling  of  cal- 
careouB  and  serpentinous  matter,  altered  from  the  state  of  the 
original  accumulation  <^  thdr  component  parts.  This  may 
be  tbe  case  with  part  of  the  serpentine  at  Cerig-moelion,  as 
also  at  Rhoscolyn.  There  are  also  some  appearances  near 
Amlwch,  amid  the  Silurian  rocks  there  found,  as  if  certain  c^ 
the  contemporaneous  beds  had  taken  a  serpentine  character 
from  tbe  conditions  for  tbe  adjustment  of  their  constituent  in- 
gredients, to  which  the  whole  of  the  assorted  beds  had  been 
exposed,  having  been  favourable  to  such  a  modification  of  parts. 
As  to  an  accumulation  of  serpentinous  matter  in  tbe  manner  of 
the  febpathic  and  homblendic  rocks  so  common  in  North' Wales, 

*  JodgiDgfrom  the  freqnency  ofjasper  fragmcDUofpreciseljtheiuDe  kind 
in  thesaperficUldrift  of  tbedistrict,frsgmeDU  of  evenacTeral  hondred  wd^U 
beiDg  found  (Aberdaroo),  there  ironld  sppeiir  to  have  been  much  deatmctioo 
ofroclu  limitBT  to  that  of  Porthdi  a  1  ley o,  perhaps  of  a  softer  kind,  the  jaips, 
from  its  hardnefs,  being  considerably  preserved  and  inclnded  amid  the  other 
hard  detritni  of  tbe  late  geological  period  when  greater  cold  ia  iDferred  to  have 
prevailed  in  the  tiet  of  the  Britiih  lalanda.     ' 
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contemporaneously  with  the  Silurian  deposits,  there  would  not 
appear  any  particular  difficulty,  since,  even  without  supposing 
an  outburst  of  serpentinouB  matter  in  the  manner  of  yolcanic 
ashes  and  cinders,  (though  why  this  may  not  also  have  hap- 
pened does  seem  dear,)  the  wearing  away  of  serpentine  rocks, 
formed  at  an  earlier  date,  may  readily  have  supplied  the  detrital 
materials  for  deposits,  which  when  consolidated  presented  the 
character  above  mentioned.  At  all  events  this  appears  a  mode 
of  occurrence  which  it  would  be  desirable  that  the  observer 
should  bear  in  mind,  and  the  more  so  that  in  some  other  loca- 
lities for  serpentine  in  the  British  Islands,  as,  for  example,  in 
the  county  of  Galway,  Ireland,  there  are  some  interlaminations 
and  other  modes  of  occurrence  of  serpentinous  and  calcareous 
matter,  suggesting  to  the  geologist  that  such  mixtures  may 
have  been  arranged  in  water,  the  acctunulations  subsequently 
acted  upon  so  that  the  present  structure  of  the  rocks  was  pro- 
duced.* 

This  brings  us  to  consider  the  chemical  composition  of  the 
serpentines  mentioned,  viewed  geologically.  They  are  of  very 
varied  mixtures  of  a  kind  of  base  of  silicate  of  magnesia  with 
silicate  of  alumina,  and  occasionally  of  soda  and  potash,  as  also 
of  oxide  of  iron.  Water  is  likewise  a  marked  ingredient  Amid 
all  this  variety,  among  which  those  serpentines  may  be  in- 
cluded through  which  diallage  may  be  disseminated  (a  com- 
pound common  in  parts  of  the  Lizard  district),  more  pure 
serpentine  (as  it  is  inferred)  is  to  be  foimd ;  that  is,  the  ser- 
pentine which  has  been  often  considered  as  a  distinct  mineral 
species  (how  far  correctly  remains  to  be  determined),  and  which 
is  a  silicate  of  magnesia  combined  with  water,  and  a  minor 
portion  of  oxide  of  iron,  f  Looking  at  the  chemical  composition 
of  the  common  igneous  product  olivine,  the  observer  finds  that 
it  also  is  essentially  a  silicate  of  magnesia  with  oxide  of  iron, 

*  An  lamination  into  the  chemical  eompoaitioii  of  some  large  pilatten  of 
this  serpentinoos  rock,  in  the  Museum  of  Practical  Geology,  London,  showed 
that  it  was  a  mixture  of  silicate  of  magnesia  and  carbonate  of  lime,  with  minor 
quantities  of  oxide  of  iron  and  alumina.  The  interlamination  of  the  chief  por- 
tions of  the  mixture  is  often  most  marked  in  parts  of  this  rock. 

t  The  chemical  oomposUion  of  these  selected  portions  of  serpentine  is  inferred 
to  he  Mg».  8i«.  +  2  H. 
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the  presence  of  water  as  an  essential  ingredient  in  serpentine 
being  the  marked  difference  between  it  and  oliyine.'^  This  is 
an  interesting  circumstance,  pointing  to  the  very  moderate 
modification  of  constituent  parts  which  may  produce  mineral 
aspects  of  such  a  varied  kind.  Taken  in  the  mass,  the  serpen- 
tine of  the  Lizard  seems  often  a  compound  into  which  alumina 
enters  as  a  marked  ingredient,  thus  more  resembling,  in  that 
respect,  the  substance  named  soapstone,  occurring  in  veins  in 
it,  and  which  is  a  compound  of  silicate  of  magnesia  and  alu- 
mina.t  As  a  substance  also  wortliy  of  notice,  eince  so  fre- 
quently occurring  in  small  veins  in  portions  of  the  rock,  asbestus 
should  not  be  neglected,  its  component  parts  being  apparently 
derived  from  the  mass  of  serpentine  amid  which  it  is  found. 
Though  the  minerals  so  named  appear  of  varied  chemical  com- 
position, and  have  been  regarded  as  members  of  the  hornblende 
family,  the  asbestus  of  the  Lizard  seems  chiefly  a  silicate  of 
magnesia,  more  like  the  selected  serpentine  inferred  to  be  a 
mineral  species,  without  its  water. 

Quitting  the  minor  area  mentioned,  merely  because  the 
igneous  products  noticed  may  be  there  referred  approximately 
to  certain  geological  dates,  and  as  also  the  localities  are  easily 
visited,  and  passing  to  more  extended  and  distant  regions,  the 
observer  will  scarcely  fail  to  be  struck  with  the  similarity  of 
various  igneous  products  in  each,  these  being  to  a  certain  extent 

*  Taking  the  oompoeition  of  serpentine  and  of  olivine  from  the  13  aaalyaesof 
each  by  several  chemists,  such  as  are  given  by  Professor  Nicol,  in  his 
Maonal  of  Mineralogy,  the  similarity  or  difference  would  be  as  follows : — 

Serpentine.  Olivine. 

Silica    ....     41*99  41*92 

Magnesia  .     •     .     40*24  46*67 

Oxide  of  Iron.     .      5*38  10-75 

Water  •     .     •     .     12*68 

The  small  quantities  of  alumina,  lime,  soda,  carbonic  acid,  and  oxide  of 
magnesia,  in  a  few  of  the  selected  serpentines,  and  of  oxide  of  alumina,  lime, 
and  the  oxides  of  manganese,  tin,  nickel,  and  chrome  in  some  of  the  olivines 
are  not  here  noticed. 

t  According  to  Klaproth,  a  soapstone  from  the  Lizard  district,  contained, 
silica,  45;  alumina,  9*25;  magnesia,  24*7;  peroxide  of  iron,  1 ;  potash,  0-75; 
and  water,  18.  Svanberg  found  in  a  soapstone  from  the  same  locality,  nlica, 
46*8;  alumina,  9;  magnesia,  38*3;  peroxide  of  iron,  0*4;  Ume,  0*7;  and 
water,  11. 
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classified.  Those  which  have  been  termed  volcanic  and  extinct 
Tolcaoic,  with  reference  to  the  present  time,  have  already  been 
noticed  as  presenting  certain  marked  resemblances  in  different 
parts  of  the  earth's  surface.  The  same  general  resemblance 
will  be  found  in  those  products  in  which  the  minerals  of  the 
felspar  and  the  hornblende  families  prevail,  with  or  without  an 
excess  of  silica  (occurring  as  quartz),  in  various  regions. 
Though  their  real  modes  of  occurrence  may  not  always  have 
been  properly  ascertained  in  the  numerous  and  different  loca- 
lities, whence  specimens  and  notices  of  them  have  been  obtained, 
and  though  certain  accounts  of  their  manner  of  association 
with  other  rocks  may  require  more  attention  to  the  methods  of 
investigation  which  the  progress  of  knowledge  now  requires, 
there  is,  nevertheless,  frequently  sufficient  to  show  the  great 
mineral  resemblance  of  many  of  these  igneous  products  in 
widely-distributed  parts  of  the  earth's  surface.  Viewed  che- 
mically, there  is  yet  much  to  be  accomplished  respecting  diem, 
particularly  with  regard  to  any  modifications  as  to  the  preva- 
lence of  some  simple  substances  more  at  one  time  than  at 
another,  as  also  more  in  certain  regions  than  in  others.  Of  the 
class  of  igneous  products  to  which  the  name  greenstone  has 
been  ^ven ;  frdm  that  crystalline  state  wherein  the  constituent 
minerals,  felspar  and  hornblende,  are  distinctly  seen  asso- 
ciated in  variable  proportions,  to  the  rock  wherein  the  matter 
of  these  minerals  has  not  been  exposed  to  the  conditions  fitted 
for  its  separate  adjustment  in  that  crystalline  form,  there 
are  endless  varieties.  With  an  excess  of  silica,  beyond  that 
required  for  the  silicates  of  the  component  minerals,  syenite  is 
produced,  quartz  being  then  distinctly  added  to  the  other  two 
minerals.  Again,  it  sometimes  happens  that  while  there  is  a 
granular  arrangement  of  the  felspar  and  hornblende,  even 
occasionally  with  the  addition  of  quartz,  crystals  of  felspar  are 
disseminated  through  the  mass,  forming  a  greenstone  or  syenitic 
porphyry^  as  the  case  may  be.  Some  of  the  compact  varieties, 
termed  compact  felspar^  have  already  been  noticed  (p.  657). 
Altogether  the  shadows  and  shades  of  modification  have  been 
found  so  numerous,  depending  on  variations  of  chemical  com- 
position on  the  one  hand,  and  on  different  conditions  for  cooling 

9  V 
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on  the  other,  that  there  has  been  a  dispoeition  to  seek  some 
term  for  the  whole,  which  shall  leave  the  exact  compoeitioii  of 
the  rock  open  to  description,  while  a  kind  of  generic  name  is 
preserved.  The  name  of  trappean  rocks'^  has  been  somewhat 
adopted  of  late,  particularly  by  British  geologists  for  this  class 
of  igneous  products.  It  is  one,  no  doubt,  open  to  objectioD,  if 
regarded  as  a  name  to  be  preserved ;  but  in  the  present  state 
of  knowledge,  this  or  some  other  general  term  has  its  conve- 
nience as  massing  together  certain  products  of  a  fiunily  cha- 
racter. 

This  class  of  igneous  rocks  appears  to  be  found  amid  accu- 
mulations of  all  geological  ages,  from  the  older  deposits  to  the 
accumulations  which  approximate  to  the  date  of  those  amid 
which  the  basalts  and  associated  products,  previously  mentioned 
(p.  465),  are  seen,  having  been  thrown  out  from  some  points  oo 
the  earth's  surface,  however  these  may  have  varied  in  position. 
Seeing  that  their  mode  of  occurrence  is  such,  even  amid  the 
old  Silurian  deposits,  as  to  remind  us  of  the  products  of  modem 
volcanos,  it  may  be  inferred  also  as  probable  that  from  that 
geological  date  to  the  present  time,  rocks  of  a  similar  kind  have 
formed  portions  of  die  products  discharged  fix)m  igneous  vents, 
similar  to  those  now  scattered  over  tiie^surface  of  the  eartii. 

Looking  at  the  granitic  rocks  as  a  class,  they  also  are  found 
to  present  a  great  family  resemblance  in  different  parts  of  the 
world,  though  sharp  distinctions  between  them  and  those  pre- 
viously mentioned  cannot  always  be  found,  the  one  class  passing 
into  the  other,  especially  when  the  homblendic  minerals  are 
absent,  in  a  manner  resembling  the  modifications  only  of  some 
general  amount  of  given  substances.  When  these  minerals  are 
present,  as  is  sometimes  the  case,  the  chief  chemical  differ- 
ences between  such  mixtures  and  more  ordinary  granites, 
appear  to  consist  in  the  abundance  or  scardty  of  the  alicates  of 
lime  and  magnesia,  these  substances  forming  comparatively  a 
small  portion  of  the  granitic  rocks,  viewed  on  the  large  scale, 
while  they  enter  conspicuously  into  the  composition  of  the  hom- 


*  This  term  has  been  derived  from  the  Swedish  urord  trapp,  a  stair,  it  haTing 
been  once  supposed  that  an  arrangement  in  stair -like  forms,  on  the  large  scale, 
was  characteristic  of  these  works. 
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blendic  rocks.*  Where  the  two  classes  are  found  passing  into 
each  other,  it  often  becomes  desirable  to  see  how  tar  the  hom- 
blendic  rocks  may  have  been  prenously  thrown  out  and  conso- 
lidated, and  had  been  remelted  by  the  granitic  rocks,  so  as  to 
have  thus  formed  an  addition  to  their  original  molten  mass,  the 
whole,  upon  cooling,  having  its  constituent  parts  so  adjusted  as 
to  present  the  appearances  observed. 

As  a  common  character,  the  granitic  rocks  seem  to  be  chiefly 
formed  of  silica  and  alumina,  after  which  come,  as  principal 
ingredients,  potash  and  soda,  the  latter  sometimes  more  pre- 
valent probably  than  has  been  usually  inferred.  The  siKca 
and  alumina  often  constitute  *  8  of  the  whole  mass,  thus 
leaving  only  *  2  for  the  other  substances.  In  cases  where  labra- 
dorite  is  the  member  of  the  felspar  family  present  in  granitic 
rocks,  either  altogether  replacing  other  felspars,  or  associated 
with  them,  lime  would  form   an  ingredient  of  importance,t 


*  With  reference  to  the  difference  or  resemblance  between  granites  and 

greeDstones,   as  we   have  elsewhere   remarked  (Besearches   in   Theoretioal 

Geology,  p.  379, 1834),  "granites,  no  donbt,  vary  in  their  chemical  composition, 

and  so  do  greenstones,  yet  they  always  so  differ  from  each  other  as  mniwes  of 

matter,  that  the  one  can  never  become  the  other  from  mere  differences  in 

cooling."    If  we  sappose  the  felspar  to  be  of  the  ordinary  potash  kind,  and  a 

granite  to  be  formed  of  two-fifths  of  such  felspar,  of  two-filths  of  qoartz,  and 

one-fifth  of  mica  (containing  flnoric  acid),  and  a  greenstone  to  be  composed  of 

the  same  kind  of  felspar,  and  an  eqnal  proportion  of  hornblende,  the  calcnlated 

differences  may  be  taken  somewhat  as  follows  (Geological  Manual,  3rd  Edition, 

p.  44S-50)  :— 

Oranit«.       Graenstone.    Difference. 


Silica     .     .     . 

.     74-84 

54*86 

19-98 

Alamina      .     .     . 

.     12'80 

15-56 

2«76 

Potash    .     .     . 

.       7-48 

6-83 

0*65 

Magnesia     •     •     ( 

,       0-99 

9*39 

8*40 

Lime      .     .     •     . 

0*37 

7-29 

6-92 

Oxide  of  Iron   •     . 

i'93 

4*03 

a-io 

Oxide  of  Manganeft 

B      0*12 

0*11 

0*01 

Fluoric  Acid     •     . 

»       0'21 

0-75 

0*54 

t  The  presence  of  lime  amid  igneous  prodnets,  though  it  may  there  occur  as  a 
silicate,  is  interesting  as  affording  the  base  of  a  supply  for  some,  at  least,  of  the 
calcareous  matter  required  by  animal  life,  or  distributed  as  ordinary  limestones. 
However  powerfhl  silica  may  be,  acting  as  an  acid  where  heat,  and  especially 
great  heat,  is  employed,  at  the  lower  temperatures  it  is  comparatively  weak. 
As,  for  example,  at  great  heats  the  silicates  of  potash  and  soda  are  readily 
formed,  whether  carbonic  acid  be  present  or  not,  but  at  low  temperatures, 

2x2 
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thou^  silica  and  alumina  would  still  constitute  the  most  marked 
substances  in  such  rocks.  Suffident  examination  has  not  yet 
been  given  to  granitic  rocks  to  show  us  the  relative  prevalence 
of  soda,  potash,  or  lime  (in  cases  of  labradorite),  during  the 
progress  of  geolo^cal  time.  Taking  the  granite  of  Wicklow 
and  Wexford,  above  noticed,  it  would  appear  that  soda  occurred 
in  some  fair  abundance  in  the  granitic  rocks,  protruded  in  tiiat 
part  of  the  world,  anterior  to  the  accumulation  of  the  old  red 
sandstone. 

As  to  the  geological  times  when  granitic  rocks  have  risen, 
through  prior-formed,  and  usually  disturbed  deposits  accumu- 
lated by  the  agency  of  water,  they  would  appear  to  include  all 
from  the  earliest,  even  to  the  production  of  comparatively 
recent  beds  of  the  tertiary  series.  Of  the  latter  kind,  Mr.  Pratt 
has  found  instances  in  Catalonia.*  Thus  there  is  no  conclusion 
to  be  drawn  as  to  the  relative  antiquity  of  tiiese  rocks  from  the 
mere  fact  of  their  occurrence  in  any  particular  locality.  This 
has  to  be  sought  in  the  manner  in  which  they  may  be  found 
associated  with  other  accumulations,  the  relative  geological 
dates  of  which  are  determinable. 

The  serpentines,  also,  and  their  not  unfrequent  associate 
diallage  rock,  seem  to  have  appeared  with  somewhat  common 
characters  through  a  long  range  of  geological  time.  They  have 
been  above  mentioned  as  probably  of  early  date  in  Wales.  In 
Cornwall,  though  not  of  equal  antiquity,  they  are  apparentiy 
still  referable  to  the  earlier  geological  times.  In  Ireland,  also, 
they  seem  to  have  been  formed  at  a  remote  geological  period. 
Various  lands  show  that  they  were  not  confined  to  those  times, 
but  became  associated  witii  accumulations  of  less  antiquity ; 
and  in  Italy,  where  there  are  many  good  opportunities  of  study- 
ing these  rocks,  they  have  been  found  amid  deposits  up  to  those 
of  the  •tertiary  times  included,  it  being  inferred  tiiat  the  rocks 


flolntions  of  the  silicates  of  potash  or  soda  are  easily  decomposed  by  die  carbonic 
acid.  So  also  with  silicate  of  lime,  if  that  sabstance  were  in  contact,  in  the 
presence  of  water  at  a  moderate  temperature,  with  carbonic  acid,  it  would  be 
decomposed,  forming  carbonate  of  lime,  and  if  the  carbonic  acid  were  in  saf- 
ficient  abundance,  bicarbonate  of  lime  ready  to  be  removed  in  solution. 
•  Pratt,  MSS. 
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in  that  land  which  contain  the  fossils  named  nummvlites  were, 
as  pointed  out  by  Sir  Roderick  Murchison,*  accumulated  at  a 
time  when  the  lower  deposits  of  the  tertiary  series  were  effected 
in  several  other  parts  of  Europe.  The  occurrence  of  serpentine 
and  diallage  rock  amid  the  Alps,  and  among  the  various  accu- 
mulations of  the  Jurassic  and  cretaceous  series,  usually  cutting 
through  them,  in  Italy,  and  in  the  continuation  of  the  same 
accumulations  eastward  in  different  localities  into  Asia,  is  a 
marked  circumstance.  The  chief  circumstance,  however,  now 
under  consideration  is,  that  these  rocks  were  probably  ejected 
from  beneath,  at  various  geological  times,  over  the  area  of 
Europe,  from  the  early  fossiliferous  deposits  up  to  some 
part  of  the  tertiary  series  included.  So  much  of  various 
parts  of  the  world  remaining  to  be  examined  geologically, 
it  would  be  premature  to  conclude  that  these  rocks  have  not 
been  ejected  at  comparatively  recent  geological  times  in  some 
localities. 

It  has  been  seen  that  into  the  serpentines,  magnesia  enters 
largely,  the  relative  amount  of  that  substance  being  somewhat 
characteristic,  as  lime  and  magnesia  combined,  are  among  the 
homblendic  rocks.  It  would  not,  however,  be  right  to  infer  that 
silicate  of  magnesia  is  alone  to  be  regarded,  since  the  mixtures 
in  which  diallage  is  disseminated  and  even  prevails,  show  that 
other  marked  substances  have  entered  into  the  composition  of 
the  mass  when  in  a  molten  state.  In  such  arrangements  of 
parts  of  the  compound,  the  ingredients  needful  for  diallage  have 
merely  separated  out  from  it  imder  the  fitting  conditions,  the 
lime,  oxide  of  iron,  and  alumina  having  probably  been  in  a  more 
disseminated  state  previously.!  Sometimes  the  base  of  the 
rock,  still  termed  serpentine,  from  its  general  aspect,  and  the 

*  Joanial  of  the  Geological  Society  of  London,  vol.  y.,  p.  157. 
t  M.  Berthier  foond  the  diallage  from  La  Spesia,  a  locality  Teiy  faTOorable 
for  the  study  of  serpentine  and  diallage  rock,  to  be  composed  of— 

Silica 47*2 

Magnesia 24*4 

Lime 13*  1 

Protoxide  of  Iron  •     .     •     •       7*4 

Alumina •      3*7 

Water 3»2 


678  KELATIVE  FUSIBILITY  OF  IGNEOUS  ROOKS. 

diallage  crystallized  out  from  the  general  mass,  appear  of  nearly 
the  same  composition.* 

With  respect  to  the  fusibility  of  the  igneous  rocks  generally, 
they  no  doubt  present  considerable  differences.  At  the  same 
time,  it  is  needful  to  bear  in  mind,  that  experiments  upon  them, 
in  the  condition  in  which  we  find  them,  do  not  exactly  give  us 
the  measure  of  their  fusibility  when  they  were  in  a  molten  state, 
prior  to  the  adjustment  of  the  parts  of  many  into  minerals  of  a 
definite  kind,  certain  compounds  bemg  then  produced  often  fisur 
more  difficult  to  reduce  by  heat,  than  when  the  whole  is,  as  it 
were,  again  placed  under  its  old  condition  of  a  molten  mass, 
and  the  vitreous  adjustment  of  parts  arranged,  so  that  tiiese 
definite  compounds  have  not  been  ag^dn  formed.  §  It  hence 
becomes  desirable  to  view  the  fusibility  of  these  rocks,  witii 
reference  to  a  complete  mixture  of  all  the  constituent  parts, 
anterior  to  the  separation  of  any,  or  the  whole  of  them  into 
crystalline  compounds. 

If  we  are  to  regard  cerUun  of  these  rocks  to  have  been 
ejected  from  volcanic  vents  in  the  manner  of  modem  volcanos, 
it  seems  also  needful  to  consider  that  they  have  been  accom- 
panied by  outbursts  of  vapours  and  gases,  sublimations  of 
different  kinds  having  taken  place  at  those  different  times  as 


*  Aooording  to  Dr.  Kohler  (Thomflon's  Afineralogy,  &c.,  vol.  i.,  p.  174^  tlie 

composition  of  the  diallage,  and  of  the  rock  containing  it  at  Harlxbar;^  is  as 

follows : — 

Diallage.  Eoek. 

Silica 43*900  42*364 

Magnesia 25*856  28*903 

Protoxide  of  Iron  and  Chromiom  .  13*021  13-  268 

Protoxide  of  Manganese     •     .     .  0*535  0*853 

Lime 2*642  0*627 

Alomina 1*280  2*176 

Water 12*426  12*074 

t  In  experimenting  npon  the  Visibility  of  igneons  prodactB»we  have  often 
found  very  considerable  difference  in  that  fusibility,  after  some  crystaUiaed  and 
compound  rock  had  been  ft>rmed  into  a  glass,  from  that  which  it  IumI  exhibited 
when  first  acted  npon  by  the  same  amount  of  heat  employed.  In  the  same 
manner,  artificial  glasses  which  haye  been  melted  and  cooled  slowly,  so  as  to 
form  a  stony  mass,  or  merely  exposed  to  a  temperature  at  which  a  certstn 
rystallized  arrangement  of  their  constituent  parts  is  produced,  become  more 
fficult  of  fusion  than  when  in  their  first  state. 
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now.  Ab  a  substance  very  common  among  the  compounds 
of  felspar  and  hornblende,  even  of  those  contemporaneously 
thrown  out  amid  the  older  fossiliferous  rocks,  sulphur  com- 
bined with  iron  is  very  common,  indeed,  sulphuret  of  iron  is 
often  a  marked  ingredient  among  those  which  are  commonly 
termed  greenstones.  Not,  howeyer,  that  it  is  confined  to  them, 
for  the  more  felspathic  products  often  also  contain  it.* 

Amid  the  yarious  modifications  and  changes  of  structure  to 
which  the  deposits  associated  with  the  latter  class  of  igneous 
products  have  been  often  subjected,  it  would  be  expected  that 
these  having  been  exposed  to  similar  conditions,  would,  in  like 
manner,  have  their  parts  also  often  much  modified.  Indeed, 
those  igneous  products  which  have  been  vesicular,  show, 
by  the  various  mineral  substances  found  in  them,  that  mineral 
matter  has  often  been  in  movement  in  proper  solvents,  and 
passing  through  the  pores  of  rock,  had  adjusted  itself  in  the 
cavities  of  the  vesicular  rock  as  definite  mineral  compounds. 
Numerous  soluble  substances  once  disseminated  amid  the 
general  mass  of  such  rocks,  may  readily  have  been  transported 
elsewhere,  and  aid  in  forming,  by  new  combinations,  less  soluble 
substances.  Thus  many  are  found  disseminated  amid  modem 
volcanic  products,  which,  assuming  that  they  were  once  dissemi- 
nated amid  those  of  ancient  times,  would  scarcely  be  now  detected 
in  the  latter.f  As  regards  the  conditions  to  which  igneous  rocks 


^  It  sometiiDeB  happens  that  iron  pyrites  is  found  in  prior-formed  deposits  of 
ordinary  detrital  matter,  adjacent  to  protrusions  and  dykes  of  these  igneous 
rocks,  in  such  a  manner,  as  if  either  Uie  sulphur,  or  sulphur  and  iron  had  been 
derired  firom  them.  A  good  example  of  this  mode  of  occurrence  may  be  seen  at 
Bettws  IMsserth,  on  the  north  of  Builth,  South  Wales,  where  spheroidal  pieces  of 
iron  pyrites  occur  in  a  Silurian  slate  adjacent  to  some  homblendic  rocks ;  these 
sphernds  somewhat  abundant  in  places,  and  the  slate  having  all  the  appearance 
of  haying  been  altered  by  the  intrusion  of  the  igneous  rock.  At  the  falls  of 
the  Wye,  near  Builth,  much  iron  pyrites  is  also  seen  at  the  contact  of  some 
igneous  rocks  intruded  among  slates,  in  like  manner  altered,  certain  fossils  in 
them  being  likewise  coated  with  the  same  mineral  near  the  contact  of  the  two 
rocks,  though  this  iAot  observed  at  a  short  distance  from  it.  In  the  latter 
case,  the  slate  is  highly  carbonaceous,  so  that  the  requisite  care  will  have  to  be 
taken  as  to  the  carbonaceous  matter  in  the  rock. 

t  Iron,  eitiier  as  a  protoxide  or  peroxide,  is  so  often  found  in  the  igneous  pro- 
duct of  different  geological  times,  as  to  be  a  marked  mineral  among  them. 
Thus  magnetic  iron  is  not  only  found  among  the  dolerites,  and  some  other 
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of  ancient  geological  date  may  have  been  exposed  during  the 
lapse  of  time,  it  would  scarcely  be  expected  that  when  they 
may  haye  been  subjected  to  the  influence  of  long  continued  heat 
from  any  depression  to  considerable  depths,  especially  beneath 
a  thick  covering  of  other  deposits,  that  any  obsidians  would 
preserve  their  vitreous  character,  such  disappearing  from  the 
usual  causes  productive  of  devitrification,  the  component  sub- 
stances taking  a  stony  form. 

As  to  the  minerals  which  appear,  as  it  were,  additions  in 
different  localities  to  the  general  masses  of  granite,  and  even 
to  those  rocks  where  hornblende  and  felspar  chiefly  constitute 
the  component  minerals  ;  they  are  often  very  various,  and,  as 
M.  Elie  de  Beaumont  has  remarked  with  respect  to  granite, 
much  distributed  outside  their  masses.*^  While  they  are  often 
merely  some  other  arrangements  in  different  proportions  of  the 
simple  substances  contained  in  the  general  mas8,t  at  others, 
they  appear  as  if  in  some  manner  the  result  of  an  addition 
derived  from  the  rocks,  against  which  the  molten  mass  has  been 
thrown,  and  formed  during  the  long  continuance  of  those  con- 
ditions, (among  which  great  heat  is  prominent,.)  that  have  pre- 
vailed after  the  uprise  of  these  igneous  rocks  in  different 
localities.  Among  these  minerals,  garnets  of  different  kinds 
may  be  remarked^  as  occurring  as  well  in  the  igneous  aain  the 
prior-formed,  and  subsequently  modified  rock,  against  which  the 
former  has  been  thrust.  When  we  consider  the  various  sub- 
stances which  analyses  seem  to  show  are,  as  it  were,  entangled 
amid  those  constituting  the  chief  mass  of  the  igneous  matter 
ejected ;  %  it  would  be  anticipated  that  when  these  were  rela- 


rocks  of  modem  Tolcanos,  bnt  also  in  the  compoimds  of  considerable  relatiTe 
antiquity,  as,  for  example,  among  certain  greenstones  in  ComwaU  of  the  age  of 
the  Devonian  series. 

•  Sur  les  Emanations  Volcaniqoes  et  M<^taUif^res.  Bull,  de  U  Soc  G^I. 
de  France,  2nd  s^rie,  t  iv.  (1847). 

t  In  talc,  a  mineral  sometimes  associated  with  others  in  granites,  we  seem  to  hare 
magnesia  in  a  certain  relative  abundance,  separating  itseff  from  a  main  mass  in 
which  it  may  usnally  have  been  a  subordinate  substance,  tale  being  essentially 
a  silicate  of  magnena.    Its  formula  is  considered  to  be  S  M  Si  +  Mg«  Si«. 

X  M.  EIi^  de  Beaumont,  in  his  table  of  the  distribution  of  simple  substances 
in  nature  (Bulletin  de  la  Soc  G^l.  de  France,  2nd  s^rie,  t  ir.)  considen  the 
foUowing  to  be  found  in  granite,  viz.  :-~pota8sium,  sodium,  lithium,  calcinm, 
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tively  abundant,  and  could  make  their  own  adjustments  more 
freely,  less  controlled  by  the  influences  of  those  forming  the 
chief  minerals,  compounds  would  be  effected  of  a  definite  kind 
and  be  separated  from  the  main  mass.  Thus,  occasionally, 
mixtures  would  be  formed  of  more  than  the  usual  substances, 
even  constituting  masses  of  importance  in  parts  of  the  earth's 
surface^  where,  though  the  usual  free  silica  and  silicates  of 
ordinary  granite  and  other  compounds  were  still  the  most  pre- 
Talent  substances,  others  are  present,  giving  a  somewhat  modified 
character  to  the  general  rock. 

With  respect  to  the  occasional  component  parts  of  granitic 
rocks,  chlorite  should  be  mentioned  as  one  of  some  importance, 
inasmuch  as  while  it  shows  a  modification  of  the  mixture  and 
relative  proportions  of  some  of  the  ordinary  constituent  in- 
gredients  of  granitic  minerals,  silica,  alumina,  magnesia,  oxide 
of  iron,  and  oxide  of  manganese,  it  also  points  to  water  as  an 
essential  ingredient.  When  disseminated,  therefore,  among 
granitic  rocks,  as  it  is  in  the  Alps,  Scandinavia,  and  some 
parts  of  the  British  Islands,  chlorite  becomes  a  combined 
mineral  of  no  slight  interest,  from  the  addition  of  water  to 
the  other  substances  present* 

With  regard  to  the  various  minerals,  which  are,  as  it  were, 
additional  to  those  usually  constituting  the  mass  of  the  chief 
divisions  of  the  igneous  rocks,  not  only  has  the  dispersion,  in 
variable  proportions,  of  other  substances  than  the  usual  ingre- 
dients to  be  regarded,  considering  these  likewise  in  their  greater 
or  less  local  proportions,  but  also  the  additions  which  may  be 
derived  from  the  melting  of  parts  of  prior-consolidated  accu- 
mulations, even  of  those  thrown  down  from  solutions  in  water, 
and  fused  by  the  intrusion  of  the  igneous  rocks.  Though  a 
great  proportion   of  the   ordinary  detrital  deposits  are  but 

magnesiam,  yttrium,  glaciniam,  almninium,  zirconium,  thorium,  cerium,  lantha- 
ninm,  didymium,  uranium,  mangauese,  iron,  cobalt,  zinc,  tin,  lead,  bismuth, 
copper,  silver,  palladium  ?,  osmium,  hydrogen,  silicon,  carbon,  boron,  titaninm, 
tantalum,  nobium,  pelopium,  tungsten^  molybdenum,  chromium,  arsenic,  phos- 
phorus, sulphur,  oxygen,  chlorine,  and  fluorine. 

*  Taking  various  analyses,  from  10  to  11  per  cent,  of  water  enters  into 
the  composition  of  chlorite.  The  formula  for  chlorite  is  considered  to  be 
(Mg«  Si«  +  3  R  Si*)  +  9  Mg  H. 
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abraded  parts  of  previously-consolidated  igneous  rocks  which 
have  been  worn  away,  and  then  dispersed  as  above  noticed 
(pp.  72—117),  this  has  been  most  frequently  so  accomplished 
that  a  remelting  of  the  deposits  thence  formed,  would  not  re- 
produce the  original  rock,  the  various  parts  having  been  sepa- 
rated mechanically  into  different  bc^ls,  and  decomposition 
having  deprived  certain  of  even  the  separated  substances  of 
portions  of  their  original  ingredients.  With  respect  to  the  latter, 
for  example,  should  the  silicates  of  soda  or  potash  have  been 
removed  in  solution,  as  has  often  happened,  from  a  felspar  of 
which  they  once  constituted  a  part,  the  matter  again  fused 
might  not  contain  any  of  those  silicates,  so  far  a&  the  felspar 
is  regarded,  silicate  of  alumina  being  then  the  prevailing  sub- 
stance.* Igneous  matter*  the  usual  granite  compounds  for 
instance^  melting  limestone  rocks,  the  lime  might  be  introduced 
into  the  molten  mass,  and  the  carbonic  acid  being  thrown  off, 
the  silicates  of  lime  be  formed,  ready  for  combination  in  other 
minerals  than  those  constituting  the  mass  of  the  granite^  as  it 
rose  from  beneath.  So  also  with  dolomite,  which  could  thus 
furnish  not  only  the  lime,  but  also  the  magnesia  for  the  produc- 
tion of  hornblende,  should  the  other  ingredients  of  that  mineral 
be  near  and  not  drawn  elsewhere.  In  this  manner  it  will  be 
obvious  very  material  additions  may  be  made  to  an  original 
and  general  mass  of  rocks  in  a  molten  state. 

lliere  appearing  so  much  of  a  general  character  in  the 
various  igneous  products  of  difierent  geological  times,  to  call 
the  attention  of  an  observer  towards  some  general  cause,  which, 
though  much  modified  under  certain  drcumstances,  has  yet 
always  exerted  an  important  geological  influence,  he  has  care- 
friUy  to  consider  the  subject  so  that,  while  a  proper  and  close 
attention  may  be  given  to  local  sources  of  modification,  the 
great  cause  of  these  igneous  products,  taken  as  a  whde,  be  not 
neglected.  Whatever  may  have  been  the  conditions  under 
which  substances  were  probably  ejected  in  the  manner  of  modem 
volcanos  in  past  geological  ages,  from  time  to  time  molten 

*  The  Bubfitance  constitatixig  the  base  of  the  days  employed  in  the  mana- 
facture  of  porcelain,  and  which  are  formed  from  decomposed  felspars  in  dis- 
tricts where  that  mineral  has  been  distributed  in  soffident  abondanoe. 


CONSOLIDATION  OF  DETRITAL  ROCKS.  683 

a 

matter  of  a  very  common  general  character  seems  as  if  always 
ready  to  be  upheaved  in  larger  masses  whenever  there  were 
great  disruptions  of  prior-formed  accumulations  on  the  earth's 
surface.  Thus,  while  the  minor  and  perhaps  modified  mani- 
festations of  the  conditions  for  throwing  out  igneous  substances 
generally,  were  constant  in  difierent  points  of  the  earth's  surface 
for  the  time  being,  these  substances  mingled  with  the  ordinary  ac- 
cumulations of  the  day,  from  time  to  time  a  greater  amount  of 
molten  matter  was  upheaved,  lifting  such  igneous  products  as 
well  as  their  associated  sedimentary  deposits,  as  if  the  former 
action,  however  intense,  was  but  superficial  as  coinpared  with  that 
from  which  the  more  wide-spread  and  important  movements  were 
derived.  Be  this  as  it  may,  the  igneous  products  form  objects 
of  the  greatest  interest,  whether  regarded  as  the  source 
whence  so  large  a  proportion  of  the  detrital  accumulations  are 
derived,  for  the  modifications  they  have  so  frequently  effected 
in  the  deposits  against  or  amid  which  they  have  risen,  or  been 
protruded,  for  the  differences  and  resemblances  they  exhibit 
among  themselves,  or  for  the  proof  they  afford  that  during  the 
long  lapse  of  geological  time  of  which  we  can  obtain  traces,  and 
up  to  the  present  day,  there  have  been  conditions  for  uplifting 
mineral  matter  in  a  molten  state,  that  matter  chiefly  composed 
of  the  oxides  of  a  few  simple  substances — two  of  them  especially 
(sodium  and  potassium) — ^being  not  only  remarkable  for  their 
comparative  lightness,  but  also  for  an  avidity  for  oxygen  so  great 
that  they  will  decompose  water  in  order  to  obtain  it. 

Consolidation  and  adjustment  of  the  component  parts  of  rocks. — 
When  the  gravels,  sands,  dlts,  clays,  or  mud  of  various  geological 
times  are  presented  to  the  attention  of  the  geologist  in  the  form 
of  conglomerates,  sandstones,  arenaceous  and  argillaceous  slates 
and  shales,  their  component  parts,  originally  drifted,  or  otherwise 
borne  into  the  relative  situations  where  they  are  now  found,  have 
either  been  joined  together  by  mineral  matter^  subsequently 
introduced  among  them,  or  by  a  change  in  the  condition  of 
some  part  or  parts  of  the  original  deposit  which  should  permit 
such  portions,  in  an  altered  form,  to  cement  the  remainder. 
With  carbonate  of  lime,  the  oxides  of  iron  and  manganese  and 
occasionally  with  silica,  as  substances  cementing  fragments  of 
rocks,  either  angular  or  rounded,  on  hill  sides  or  other  subaerial 
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localities,  \?here  springs  containing  and  depositing  Uiose  sub- 
stances occur,  we  may  consider  the  observer  as  familiar. 
That  various  breccias,  conglomerates,  and  even  sandstones 
so  formed,  occa^onally  constitute  parts  of  a  series  of  geolo^cal 
products,  may  be  considered  probable.  It  is  easy  also  to  infer 
that  during  geological  changes,  gravels  and  sands  constituting 
the  margins  and  bottoms  of  lakes  and  seas,  may  be  so  placed 
beneath  isolated  portions  of  water,  to  which  the  access  of  rivers 
or  streams  may  be  insufficient  to  meet  the  loss  by  evaporation, 
that  certain  substances  held  in  solution  may  be  slowly  deposited 
amid  the  subjacent  gravels,  sands,  clay,  or  mud,  so  as  to 
produce  modification,  change,  or  even  consolidation  of  various 
kinds  in  them. 

Independently,  however,  of  these  effects,  the  observer  will 
have  to  direct  his  attention  to  modification,  change,  and  conso- 
lidation of  a  fiEir  more  general  kind,  and  for  which  some  more 
general  cause  appears  to  be  required.  He  will,  in  the  first 
place,  have  to  dismiss  the  view  that  the  relative  age  of  rocks  is 
alone  a  sufficient  cause  for  the  efiects  noticed ;  though,  taken  as 
a  whole,  the  relative  geological  age  of  deposits  is  so  far  impor- 
tant, that,  other  things  being  the  same,  there  may  be  a  greater 
chance  of  the  older  rocks  being  consolidated  or  modified  in  their 
structure,  inasmuch  as  they  may  have  been  more  exposed, 
during  the  lapse  of  time,  to  the  causes  productive  of  such  con- 
solidation and  change. 

It  may>  in  the  first  place,  be  desirable  to  consider  the  modifi- 
cation of  parts  which  might  arise  in  a  bed  or  mass  of  mud,  or 
clay  after  its  deposit,  the  component  parts  of  such  mud  or  clay 
being  variable.  We  may  take,  by  way  of  illustration,  those 
alternations  of  argillaceous  limestones  and  shales,  often  calca- 
reous, which  are  observable  in  the  lias  of  some  parts  of  Western 
Europe,  and  which  appear  the  result  of  an  unequal  supply 
of  mud  and  calcareous  matter,  sometimes  the  one  and  some- 
times the  other  predominating.  Examples  of  irregular  depouts 
of  this  kind  must  not,  however,  be  considered  as  confined  to 
any  particular  age,  since  among  the  older  as  well  as  newer 
geological  accumulations,  this  kind  of  deposit  may  often  be 
Wnd.      The  following  ( fig.  224 )  may  be  taken  as    illus- 
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tratJng  aiternatiooB  of  this  kiod,  the  Burfaces  of  the  beds  beii^ 
irregnlar. 


In  itself  Buch  a  aection  ma;  merely  present  us  witii  the 
evidence  of  alternating  conditions,  by  which  carbonate  of  lime 
was  more  thrown  down  at  one  time  than  at  another,  though, 
'  with  care,  forma  of  the  surfaces  are  often  traced  which  would 
seem  to  point  to  an  abstraction  of  calcareous  matter  from  the  • 
adjacent  original  clays  or  mud ;  a  circumstance  which  becomes 
more  evident  where  the  calcareous  matter  in  the  general  deport- 
has  decreased,  and  many  irregular  patches  of  tbe  argillaceous 
limestone,  and  nodules  of  it,  are  arranged  tn  lines  or  are  more 
dispersed  through  the  deposit,  as  shown  in  the  subjoined 
section  (fig.  225 ).  In  such  cases  the  calcareous  matter  of 
Fig.  sss. 


^yen  times  of  deposit,  irregular  like  those  where  whole  sheets 
of  argillaceous  Umestone  were  prodnced,  seem  gathered  to 
different  points  in  or  about  tbe  same  plane,  that  upcm  which  the 
general  deposit  was  accumulated,  the  matter  arranged  round  r 
these  points,  thus  Tariously  dispersed  on  the  plane,  so  that  two  or  ' 
more  nodules  may  be  joined  together  while  others  remain  ,' 
isolated.     Thisgathering  together  of  similar  matter,  distributed  < 
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dirough  a  soft  muddy  or  clay  mass,  would  be  anticipated,  and  the 
more  so,  when  we  remember  the  manner  in  which  similar  matter 
may  be  gathered  together  from  solutions,  dragged  away,  as  it 
were,  forcibly  to  points  where  some  of  it  may  have  been  first 
deposited,  as  noticed  by  Professor  Bunsen  (p.  434). 

Facts  of  this  kind  are  as  well  seen  among  the  carbonates  of 
iron,  of  so  much  value  in  the  coal  measures  of  the  British 
Islands,  as  amid  the  accumulations  above  noticed ;  and  they,  in 
like  manner,  point  to  a  separation  of  the  carbonates  from  the 
muddy  mass,  and,  for  the  most  part,  in  planes  corresponding  with 
the  relative  times  of  their  original  deposit  in  the  general  accu- 
mulation, one  chiefly  detrital,  and  thrown  down  from  mechanical 
suspension.  It  occasionally  happens  that  this  gathering  toge- 
ther of  similar  matter  from  amid  a  mass  through  which  it  was 
originally  dispersed,  usually  in  certain  planes  and  thicknesses, 
can  be  seen  to  have  taken  place  so  that  a  certain  original 
lamination  of  parts  is  not  destroyed.  Instances  of  this  kind 
are  to  be  found  in  one  or  two  of  the  ranges  of  nodules  in  the 
lias  of  Lyme  Regis,  Dorset,  where,  as  beneath  (fig.  226),  these ' 

Fig.  226. 


are  seen  still  preserving  the  lamination  of  the  general  deport ; 
an  arrangement  of  parts  easily  ascertained  by  breaking  the 
nodules  in  this  plane.  In  these  nodules  some  organic  remain, 
such  as  a  fish,  nautilus,  ammonite,  or  a  piece  of  wood,  not 
unfrequently  seems  to  have  formed  a  point  around  which  the 
carbonate  of  lime  was  aggregated,  though  this  has  by  no  means 
been  always  the  case,  since  some  are  occasionally  found  without 
organic  remains,  or  only  contain  them  in  a  dispersed  state. 

Such  aggregations  and  separation  of  parts  are  at  the  same 
time  a  modification  of  the  original  deposit,  and  a  partial  con- 
solidation of  it.     As  a  proof  that  the  mass  was  soft  when  the 

N  nodules  were  formed,  the  observer  will  oft«n  find  that  while  the 
same  kinds  of  organic  remains,  and  especially  thin  shells,  are 

i  flattened,  in  the  same  planes,  in  the  associated  and  adjoining 
clays,  marls,  or  shales,  they  are  comparatively  well  preserved, 
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UDcompresaed,  in  the  nodulea,  the  conwlidatioii  of  the  latter 
having  protected  them  from  the  pressure  to  which  those  had  been 
subjected  in  the  remainder  of  the  deposit,  then  in  a  yielding 
condition. 

With  regard  to  the  relative  time  and  mode  of  coDSolidation 
of  the  nodules,  the  observer  may  be  frequently  enabled  to 
study  it  in  those  commonly  known  as  aeptaria  and  turtle 
stones,  where  after  the  aggregatjon  of  the  ramilar  matter,  such, 
for  example,  as  the  carbonate  of  lime  in  many  clay  or  shale 
depofflts,  and  the  carbonate  of  iron  in  the  coal  measures  and 
some  other  rocks,  a  splitting  of  the  interior  has  taken  place,  and 
subsequently  to  a  certain  amount  of  consolidation,  »nce  the 
fractures  are  usually  sharp,  poiutuig  to  a  sufficient  amount  of 
cohesion  of  parts.  The  subjoined  section  (fig.  227)  will  show 
Fig.S27. 


the  ordinary  manner  in  which  such  nodules  are  broken  in  the 
interior,  the  cracks  not  extending  to  their  esterior  surfaces,  as 
if  there  had  been  a  shrinking  of  parts  from  the  centre  out- 
wards, so  that  the  resulting  largest  openings  were  central.  In 
the  nodules  of  this  kind,  not  uncommon  in  many  clays,  marls, 
and  shales,  the  cracks  are  usually  filled  according  to  the  cha^ 
racter  of  the  general  deposit  of  which  the  nodules  constitute  a 
part ;  thus  carbonate  of  lime  is  frequent  in  those  where  that 
substance  is  much  disseminated,  and  carbonate  (^  iron  where 
the  latter  is  not  uncommon.  Occasionally  other  substances  are 
introduced,  such  as,  in  the  coal  measure,  ironstone  nodules  of 
many  parts  of  the  British  Islands,  the  sulpburets  of  lead,  zinc, 
and  iron,  copper  pyrites,  and  certain  other  minerals. 

Nodules  and  other  formed  bodies  of  phosphate  of  lime,  also 
sometimes  occur  in  a  manner  pointing  to  tiie  a^regatic«i  of  their 
component  parts  from  previous  dissemination  amid  surroimding 
detrital  depo»ts.    Tlie  layers  of  nodules  and  other  forms  of 
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phosphates  of  lime  in  the  lower  parts  of  the  cretaceous  series  of 
south-eastern  England  and  in  parts  of  France,  seem  thus 
formed.  Mr.  Austen  has  informed  us,*  that  the  nodules  he 
examined  had  a  concentric  arrangement  of  parts,  like  agates, 
and  he  points  to  the  probability  that  the  phosphoric  acid  may 
have  formed  part  of  the  fecal  or  coprolitic  matter  accumulated 
with  other  organic  bodies,  at  the  period  of  the  original  deposit, 
and  had  been  disseminated  among  the  sand  and  ooze  of  the 
locality  and  time.  Modem  researches  have  shown  that  phosphate 
of  lime  is  far  more  diffused  among  rocks  than  was  at  one  time 
supposed.  When  free  carbonic  acid  is  present  in  water,  the 
phosphate  of  lime  is,  like  the  carbonate,  soluble,  though  not  to 
the  same  extent  as  the  latter ;  so  that  conditions  may  readily 
arise  not  only  for  its  dissemination,  but  also  for  its  aggregation 
into  various  forms  amid  rocks  through  which  its  particles  could 
moTe.  Not  only  waters  impregnated  with  free  carbonic  acid, 
in  the  usual  manner,  would  afford  the  common  means  of  trans- 
port for  such  particles,  but  also,  in  the  cases  referred  to  by  Mr. 
Austen,  for  the  mixture  of  coprolitic  with  vegetable  matter, 
the  decomposition  of  the  latter,  and  often,  indeed,  of  the  fscal 
matter  itself,  producing  carbonic  acid  needfrd  in  the  required 
solution. 

The  association  of  similar  matter  in  nodules,  is  also  some- 
times well  seen  amid  deposits  of  siliceous  sands,  these  aggre- 
gated so  that  the  nodules  protrude  as  marked  objects  on 
weathered  banks  or  cli&.  Sometimes  the  nodules  are  dis- 
persed among  the  arenaceous  accumulations,  while  at  others 
they  range  in  certain  general  planes,  corresponding  with  those 
of  deposit,  and  thus,  in  their  mode  of  occurrence,  resemble 
the  nodules  of  the  carbonates  of  lime  and  iron,  above  men- 
tioned. In  certain  of  the  arenaceous  deposits  the  cementing 
substance  of  the  nodules  is  occasionally  calcareous,  apparently 
^ggi^g^ted  from  that  matter  once  more  dispersed  amid  the 
sands,  and  deposited  amid  the  grains  from  solution,  as  a 
bicarbonate,  in  the  waters  which  either  transported  the  sands 
in  mechanical  suspension,  or  drifted  them  over  the  sea  or  lake 


♦  Journal  of  the  Geological  Society  of  London,  vol.  iv.,  p.  267,  1S48. 
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boHom  of  the  time.  Hie  oxides  and  hydrates  of  iron  are  also 
observed  gathered  in  nodules,  either  diqtersed  or  in  plaoes, 
aggregating  portions  of  sands. 

E*en  amid  the  older  detrital  accumtdations  with  which 
geolt^psts  have  become  acquainted,  this  structore  is  obeervable. 
The  separation  of  calcareous  matter  into  nodules  from  among 
the  component  parts  of  an  original  mud  deposit,  can  be  as  well 
seen  in  the  old  series  of  rocks,  known  as  Silurian,  such  as  in 
portions  of  the  Wenlock  shales  and  limestones  of  that  series,  as 
it  occuTB  in  parts  of  Wales  and  the  adjoining  English  counties, 
as  in  far  more  modem  geological  accumulations-  So  also 
with  the  a^regations  of  siliceous  matter  in  the  nodular  or 
spheroidal  forms,  showing  that  similar  conditions  for  these 
arrangements  and  adjustments  of  parts  have  continued  to 
prevail  through  a  long  range  of  geological  time.  The  follow- 
ing section  (fig.  228)  of  part  of  the  upper  portion  of  the  Silu- 

Elg.338. 


rian  series  (Ludlow  Bocks)  of  Brecknockshire,  to  be  seen  at  a 
conraderable  develt^ment  of  that  portion,  in  Cwm-ddu,  near 
Llangammarch,  will  e&hibit  the  arrangement  of  parts  of  this 
arenaceous  rock,  in  certain  beds,  in  a  spheroidal  form ;  layer 
after  layer,  as  the  decomposition  of  the  rock  shows,  having  been 
arranged  round  somewhat  central  points  of  aggregation  dis- 
persed in  certain  lines  of  beds.  Aggregations  of  this  kind  ' 
occadonally  measure  many  feet  in  diameter.  Such  a^;r^ation8 
are  sometimes  only  to  be  detected  on  the  fece  of  rocks  by  lines 
arising  from,  the  stuns  of  peroxide  of  iron,  which,  when  followed 
out,  are  found  to  correspond  with  spheroidal  sur&ces. 

When,   geologically,   these    adjustments    of  the   parts    of 
deposits  may  have  been  effected,  it  is  not  easy  to  infer,  since  in 
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the  instances  of  those  in  the  older  accumulations,  they  maj 
have  been  produced,  as  many  of  those  in  certain  more  modem 
accumulations  are  seen  to  have  been,  before  the  solidification 
of  the  sandy  portions  around  the  spheroidal  aggregations  and 
nodules,  the  whole  of  the  bed,  or  beds,  having  been  submitted 
to  further  conditions  for  consolidation,  after  the  separation  of 
certain  portions  of  them  into  such  aggregations  of  eimilar 
matter. 

There  are  certain  other  separations  of  the  ori^nal  portions 
of  a  deposit,  where  the  particles  have  possessed  such  free 
movement  and  powers  of  adjustment,  that  they  hare  been 
enabled  to  gather  themselves  into  crystals.  Of  this  the  crystals 
of  the  sulphuret  of  iron  amid  the  mud  deposits  of  all  geolo- 
gical ages  is  an  example,  as  also  the  crystals  of  sulphate  of 
lime  in  numerous  clays.  Cubes  and  other  forms  of  iron- 
pyrites  are  as  common  amid  the  oldest  fine  sedimentary  accu- 
mulations, occurring  in  a  manner  to  leave  little  doubt  of  the 
aggregation  of  their  component  particles  from  the  mud  in  which 
they  were  difiused,  as  among  the  clays  of  tertiary  depodts. 
That  iron-pyrites  should  be  gathered  round  organic  remains 
in  rocks  of  different  ages,  particularly  in  those,  such  as  have 
been  mud  and  clays,  where  the  movement  of  its  component 
particles  may  be  inferred  to  have  been,  as  in  the  case  of  the 
cr}'stals  above  noticed,  somewhat  easy,  would  be  anticipated, 
inasmuch  as  the  production  of  iron-pyrites  in  connexion  with 
decomposing  animal  matter  is  well  known.*  Hius  we  fre- 
quently find  the  sulphuret  of  iron  incrusting  organic  remains, 
as  crystals,  and  in  more  irregular  lumps  and  patdies,  parti* 
cularly  amid  clay  and  shale  accumulations. 

Regarding  sulphate  of  lime,  irrespectively  of  its  distribution 

*  Mr.  PepjB,  in  1811  (Transaotions  of  the  Geological  Society  of  London,  1st 
series,  vol.  i.)  was  among  the  first  to  pnblish  a  very  illnstratiTe  case  of  the  pro- 
duction of  iron-pyrites  from  the  decomposition  of  the  bodies  of  some  mioe  in  a 
solution  of  sulphate  of  iron.  Another  illustratiye  instance  of  the  formation  of 
iron-pyrites  upon  animal  matter  in  a  decomposing  state,  occurred  at  the  bottom 
of  a  mine-shaft,  near  Moasehole,  Cornwall,  where  a  dog  had  &Uen  into  a 
solution  of  iron,  and  its  body  was  found  surrounded  by  iron-pyrites.  In  these, 
and  other  welUknown  cases,  the  hydrogen  evolved  from  the  decomposition  of  the 
animal  matter,  is  considered  to  take  the  oxygen  both  from  the  sulphuric  add 
and  oxide  of  iron,  so  that  iron-pj  rites,  Or  W-sulphuret  of  iron  is  formed. 
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in  crystals,  as  selenite,  amid  clays  and  shales,  it  often  consti- 
tutes considerable  nodules,  and  dispersed  irregular  masses,  as 
if,  independently  of  original  deposit,  or  change  from  the  car- 
bonate by  the  introduction  of  sulphuric  acid  amid  particles  of 
limestone,  it  had  separated  out  from  the  body  of  the  rock,  and 
became  aggregated  amid  a  soft  muddy  deposit,  thrusting  aside 
the  latter.  Certain  nodular  portions  so  occur  in  particular 
lines,  that  we  may  suppose  them  to  have  been  produced  much 
in  the  same  way  by  segregation  as  the  nodules  of  the  carbo- 
nates of  lime  and  iron,  above  noticed.  At  the  same  time  beds 
of  gypsum,  botii  on  the  large  and  small  scale,  also  so  occur 
amid  clays,  marls,  and  shales,  especially  well  seen  amid  por- 
tions of  the  red  and  grey  marls  of  the  upper  new  red  sandstone 
series,  or  trias,  that  there  is  much  diflBculty  in  deciding  as  to 
the  probability  of  their  original  production  from  solutions,  amid 
the  clays  or  mud  where  they  were  deposited,  in  a  manner  similar, 
as  regards  general  principles,  with  that  noticed  by  Professor 
Bunsen,  or  partly  in  that  manner,  and  partly  by  segregation 
into  veins  formed  subsequently  to  the  general  accumulation 
and  its  partial  induration.    The  section  beneath  (fig.  229),  seen 

Fig.  229. 


at  Watchet,  Somersetshire,  amid  the  marls  of  the  trias,  will 
illustrate  a  mode  of  occurrence  of  not  an  imcommon  kind, 
wherein  beds  of  gypsum  a,  a,  a,  are  united  by  strings  of  the 
same  substance  traversing  the  intermediate  marls  b,  i,  by  in 
various  directions,  and  having  somewhat  the  appearance  of 
cracks  filled,  inasmuch  as  the  fibrous  gypsum  in  them  has  the 
fibres  usually  at  right  angles  to  the  walls  of  the  containing 
marls,  as  if  crystallization  had  taken  place  against  those  walls. 
No  doubt  this  appearance  may  be  deceptive,  but  at  all  events, 
it  becomes  an  interesting  object  of  inquiry,  to  ascertain  how  &r, 
under  such  modes  of  occurrence,  the  evidence  may  be  in  favour 
of  an  original  separation  and  deposit  of  the  sulphate  of  lime. 
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oontemporaneously  with  the  matter  of  the  marls,  or  of  a  segre- 
gation of,  at  least,  part  of  the  same  substance  into  veins,  after 
the  general  deposit,  from  a  more  general  dispersion  of  the  sul- 
phate of  lime  amid  the  body  of  the  accumulation. 

When  the  observer  reflects  upon  the  different  conditions, 
to  which  the  various  deposits  in  seas  and.  bodies  of  fresh  water 
may  have  been  subjected,  posterior  to  their  original  accumula- 
tion, he  will  not  fail  to  appreciate  the  modifications  which  the 
whole  mass  of  many  may  have  sustained.  The  mere  change 
from  being  superficial,  on  the  bottoms  of  seas  and  other  bodies 
of  water,  *to  being  buried  beneath  many,  and  sometimes  varied 
additional  accumulations,  is  alone  a  condition  under  which  new 
adjustment  of  parts  may  arise,  and  this  without  a  change  in 
the  relative  distance  between  the  surface  of  tlie  sea  or  other 
waters  and  the  deposit  itself.  Should  the  accumulation  above 
it  be  thick,  changes  (p.  506)  arise  in  its  temperature,  with 
their  consequences  as  regards  the  motion  of  aqueous  solutions 
distributed  through  beds  of  different  degrees  of  porosity. 

The  geologist  should  direct  his  attention  to  the  still  greater 
causes  of  modification  and  change  which  would  follow  the 
sinking  of  such  deposits,  as  regards  the  crust  of  the  earth,  when 
they  descended  into  comparatively  elevated  temperatures,  so 
that  their  component  parts,  and  the  various  solutions  with 
which  they  may  be  moistened,  become  affected  by  that  tempera- 
ture. The  springs  which  issue  from  various  rocks,  and  for 
which  the  supply  is  derived  by  the  simple  percolation  of  atmo- 
spheric waters  through  porous  beds  of  different  Idnds,  until 
thrown  out  by  less  pervious  beds  (p.  19),  suffice  to  show  the 
amount  and  kinds  of  substances,  soluble  under  such  conditions, 
and  which  remain  in  the  various  deposits  effected  beneath  the 
sea  or  other  waters,  after  many  of  these  accumulations  have  been 
more  or  less  solidified,  and  raised  into  the  atmosphere,  where 
they  now  constitute  portions  of  land  above  the  level  of  the  sea. 
In  the  Various  borings  or  sinkings  for  mine-shafls,  the  driving 
of  extensive  tunnels  and  levels,  and  in  wells  of  various  kinds, 
espedally  of  those  termed  artesian,  he  has  also  the  opportunity 
of  ascertaining  the  soluble  contents  of  the  waters  which  may  be 
iisseminated  among  the  rocks  traversed;   and   where  such 
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waters  may  be  considered  in  a  somewhat  stagnant  state,  except 
80  far  as  movement  through  any  fissures,  joints,  and  the  pores 
of  the  rocks  themselves,  may  be  induced  by  differences  of  tem- 
perature from  the  surface  of  the  earth  downwards  towards  the 
interior.  There  does  not  exist  so  much  exact  information  as  to 
the  substances  in  solution  among  the  waters  disseminated  amid 
rocks  in  this  manner  as  is  desirable ;  neither  are  the  soluble 
contents  of  the  various  waters  rising  through  faults  on  the  sur« 
face  of  the  ground,  or  flowing  up  at  the  bottoms  of  mines,  with 
a  temperature  sufficiently  elevated  to  render  it  probable  that 
they  rose  from  greater  depths,  so  well  known  as  is  required  for 
properly  estimating  the  amount  and  kinds  of  substances,  which 
may  be  thus  circumstanced;  but  there  still  exists  sufficient 
knowledge  on  the  subject  to  show  the  observer  the  value  of 
investigations  in  this  direction. 

The  waters  rising  from  the  chalk  at  the  artesian  well  in 
Trafalgar-square,  London,  and  which  are  obtained  from  their 
dissemination  in  that  rock,  show,  that  in  68*24  grains  of  solid 
matter  in  an  imperial  gallon,  18  grains  are  composed  of  car- 
bonate of  soda ;  while  the  carbonate  of  lime  contained  among 
the  solid  matter  above  mentioned,  only  amounts  to  3*255  grains ; 
and  thus  the  waters  resting,  to  a  certain  extent,  stagnant  in  the 
chalk  beneath  London,  with  its  thick  covering  of  (London)  clay, 
exhibit  a  very  different  character  as  to  the  substances  in  solu- 
tion, than  in  the  springs  which  flow  out  of  the  chalk  on  the 
surface,  where  that  rock  arrives  at  or  adjoins  it.* 

*  The  foUowing  are  the  subBtances  contained  in  an  imperial  gallon  of  the 
-waters  of  the  Trafalgar-square  well,  according  to  Messrs.  Abel  and  Eowney : — 

Onios. 

Carbonate  of  lime  .  .  .  3*255 
Phosphate  of  lime  .  .  .  0*034 
Carbonate  of  magnesia  •  .  2*254 
Sulphate  of  potash  •  .  •  13*671 
Sulphate  of  soda.  .  .  .  8*749 
Chloride  of  sodium  .  .  .  20*058 
Phosphate  of  soda  .  .  .  0*291 
Carbonate  of  soda    •     •     .     18*049 

Silica 0*971 

Organic  matter   ....      0*908 
In  the  cases  of  soluble  mineral  matter  disseminated  in  rocks,  such  as  tb 
chalk  beneath  London,  it  should  be  borne  in  mind,  that  when  there  is  a  mor< 
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Among  the  yarious  substances  found  in  solution,  either  dis^ 
seminated  among  the  pores  of  rocks,  or  whidi  become,  as  it 
were,  washed  out  of  them  in  solution,  by  waters  percolating 
through  them  and  issuing  as  springs,  the  obsenrar  will  do  well 
to  recollect  the  amount  of  chloride  of  sodium  so  often  found. 
That  it  should  be  a  somewhat  abundant  substance  would  be 
expected  in  deposits  of  mud,  silt,  sand,  and  grayel  effiscted 
beneath  the  sea ;  as  also  that,  when  such  accumulations  were 
elevated  into  the  atmosphere,  and  rain-waters  found  thdr  way 
to  the  chloride  of  sodium,  it  should  be  removed  by  any  springi 
thence  resulting.  It  will  be  seen  that  in  th^  waters  dissemi- 
nated amid  the  chalk  beneath  London,  this  substance  was  found 
to  constitute  somewhat  more  than  two-sevenths  of  the  whole 
solid  contents  obtained  from  it  Looking  at  chloride  of  sodium 
alone,  and  its  dissemination  among  beds  of  quartz  or  other 
siliceous  sands,  and  the  descent  of  the  whole  to  some  very 
elevated  temperature  by  depression  of  the  earth's  surface  in  any 
given  region,  some  effect  might  be  anticipated  from  the  pro- 
duction of  a  silicate  of  soda,  aiding  a  consolidation  of  tiie 
sands,  in  the  same  manner  as  a  salt  glajse  is  produced  by  the 
potters. 

While  studying  the  variable  amount  of  consolidation  of  nx^ 
the  observer  cannot  iail  to  have  his  attention  arrested  by  the 
different  states,  in  this  respect,  in  which  he  sometimes  finds  the 
beds  amid  a  series  of  deposits,  grouped  together,  and  which 
have  evidently  been  subjected  to  the  same  general  conditions. 
It  would  strike  him,  probably,  that  the  original  conditicm  of  the 
deposits  could  not  fiiil  to  produce  marked  differences  in  this 
respect  He  would  anticipate  that  a  bed  of  pure  quartz-sand, 
unmingled  with  other  and  muddy  matter,  might,  if  cemented  by 
somewhat  pure  silica,  form  a  substance  of  a  harder  and  more 
solid  kind  than  when  ordinary  sand  was  deposited,  mingled 

ment  of  the  oontaioed  water  among  their  pores  or  fissures  to  supply  that 
raised  to  the  surface  by  pamping,  or  rising  from  boring  and  overflowing,  the 
original  condition  of  somewhat  stagnant  dissemination  becomes  changed  by  tiie 
amount  of  the  water  thus  required,  so  that  when  many  wells  reach  into 
the  chalk,  as  beneath  London,  a  movement  of  water  amid  the  body  of  that 
Tock  is  occasioned  towards  the  various  wells,  which  would  not  have  taken 
(lace  under  ordinary  natural  circumstances. 
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with  a  certain  portion  of  mud,  or  when  the  grains  were  com- 
posed of  different  substances,  so  that  they  could  be  variably 
acted  upon  by  the  matter  forming  the  cement.  In  the  one  case, 
there  may  be  a  rock,  commonly  known,  from  its  composition,  as 
guartz^rocky  wherein  it  is  sometimes  even  difficult  to  trace  the 
original  grains  of  sand,  their  surfaces  having  been  more  or  less 
acted  upon  by  the  mode  in  which  the  infiltration  of  the 
cementing  silica  has  been  effected ;  *  while  in  the  other,  a  sand- 
stone of  the  ordinary  amount  of  consolidation  has  been  alone 
produced.  The  occurrence  of  certain  quartz  rocks  among  the 
accumulations  of  all  geological  ages,  and  amid  other  and  con- 
temporaneous beds,  can  be  often  well  studied ;  and  sometimes 
the  passage  of  an  ordinary  sandstone  bed  into  a  quartz  rock  can 
be  well  traced.  Of  this,  a  quartz  rock,  amid  the  new  red 
sandstone  series  near  Bridgend,  Glamorganshire,  may  serve 
for  an  example,  a&  the  same  bed  can  be  readily  followed  from 
its  ordinary  sandstone  diaracter  on  the  north  of  the  towu,  to 
that  of  quartz  rock  on  the  road  to  Pyle  Inn.  Changes  of  a 
similar  kind  are  sufficiently  common  in  the  course  of  numerous 
rocka,  as  well  in  single  and  marked  beds,  as  in  numbers  of  them 
collectively ;  and  the  observer  will,  no  doubt,  have  to  seek  for 
the  causes  of  these  differences* as  well  in  the  unequal  or  vari- 
able supplies  of  the  cementing  matter,  according  to  subordinate 
local  influences,  as  among  the  different  original  compositions  of 
continuous  deposits ;  the  latter  often,  nevertheless,  appearing  a 
sufficient  cause,  in  the  same  way  that,  in  a  series  of  beds, 
wherein  varieties  of  this  kind  are  very  striking,  much  original 
differences  are  apparent.  Certain  hard  quartzoze  beds  beneath 
others  of  coal,  between  Swansea  and  the  Mumbles,  may  be 


*  The  arrangement  of  parts  in  certain  of  these  quartz  rocks  is  sometimes  such 
that  it  requires  very  careful  examination,  and  even  occasionaUy  a  thin  slicing  of 
a  part,  so  that  it  can  be  studied  through  transmitted  light,  in  order  to  dis- 
tingmsh  the  original  grains  of  quartz  sand,  the  cementing  and  external  parts  of 
these  grains  having  become  so  much  blended.  For  the  most  part,  hoverer, 
the  detrital  origin  of  the  quartz  grains  is  sufBciently  evident  In  examining 
these  rocks,  as  Uiey  are  often  traversed  by  veins  of  quartz,  it  is  needful  carefully 
to  distinguish  between  the  latter,  which  are  merely  the  ordinary  infiltrations  of 
silica  into  cracks  and  fissures,  from  the  body  of  the  rock  itself  a  circumstance 
that  has  not  always  received  attention. 
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taken  in  illustration  of  a  probable  change  efiected  by  the  intro- 
duction of  silica,  or  some  silicates,  after  their  original  deposit 
In  these  beds,  the  roots  of  a  plant,  existing  when  the  ooal 
measures,  of  which  they  constitute  a  portion,  were  accumulated, 
{Stifftnaria,)  once  as  freely  grew,  spreading  out  their  finest 
parts  in  the  evidently  yielding  ground  of  the  time  (p.  577),  as 
in  any  other  of  the  similarly-circumstanced  beds  of  the  same 
district  supporting  beds  of  coal,  and  known  as  underpays 
(p.  588),  though  now  they  are  bound  up  in  a  hard  siliceous 
rock,  upon  which  atmospheric  influences  have  as  little  action 
as  on  ordinary  quartz  rocks,  the  original  silty  and  loosely- 
aggregated  substance  of  the  beds  being  converted  into  hard 
quartzose  matter. 

Looking  at  the  mass  of  detrital  matter,  more  or  less  consoli- 
dated by  silica  or  the  silicates,  the  study  of  the  manner  in 
which  this  may  have  been  effected  by  them,  becomes  a  matt^ 
of  no  slight  interest  to  the  geolo^caJ  observer.  He  finds  silica 
in  a  pure  or  nearly  pure  state  in  cavities  of  various  rocks, 
especially  of  those  of  igneous  ori^,  wherein  hollows  and  vesi- 
cles have  been  left,  it  being  seen  more  or  less  filling  such  cavi- 
ties with  agates,  onyxes,  chalcedony,  and  rock  crystals,  and  he 
can  have  littie  doubt  that  this  silica  was  introduced  into  the 
hollows  and  vesicles  by  infiltration  and  in  solution.  Indeed, 
the  stalactitic  forms  of  the  silica  often  sufScientiy  show  this, 
certain  agates,  as  well  seen  upon  their  decomposition,  being 
merely  forms  of  this  kind  eventually  filling  hollows.  At  other 
times,  the  layers  of  the  siliceous  deposits  occur  in  planes, 
apparently  horizontal  at  the  time  they  were  effected.  These 
modes  of  occurrence  show  him  that  silica  has  been,  and  can 
be,  disseminated  amid  tiie  pores  of  rock,  often  hard  and  (so- 
called)  compact,  its  particles  finding  their  way  for  deposit  in 
a  pure  or  nearly  pure  state  in  the  vesicles  and  cavities  of 
such  rocks. 

In  investigations  of  this  kind  it  will  be  desirable  that  the 
observer  should  bear  in  mind  that  certain  silicates  are  not  dif- 
ficult of  decomposition,  as,  for  example,  those  of  potash  and 
soda,  when  free  carbonic  acid  may  be  present.     Upon  looking 
X  this  subject  generally,  such  conditions  may  be  inferred  not  to 
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be  so  rare  as  might  at  first  be  supposed.  In  certain  regions 
the  decomposition  of  the  felspars  alone  in  granitic  and  some 
other  igneous  rocks,  gives  rise  to  solutions  of  the  silicates  of 
potash  and  soda,  and  the  introduction  of  waters  having  free 
carbonic  acid,  derived  from  the  atmosphere,  in  them,  would 
separate  the  potash  or  the  soda,  as  the  case  might  be,  from 
the  silica,  and  the  latter  be  deposited  under  favourable  condi- 
tions for  dissemination  amid  the  pores  of  rocks.*  When  we 
regard  the  manner  in  which  carbonic  add  may  arise  from  the 
decomposition  of  organic  bodies,  be  mingled  with  water,  and 
act  upon  certain  silicates,  it  is  also  to  be  inferred  that  favourable 
conditions  may  arise  under  which  silica  could  be  thrown  down, 
and  when  vegetable  matter  afforded  the  carbonic  acid,  amid 
the  pores  and  cavities  of  a  certain  part  of  the  plants  themselves, 
preserving  their  finest  structures.t 

Though  silicic  acid  may  thus,  itnder  favourable  conditions, 
to  which  it  will  be  here  sufiScient  to  direct  the  careful  atten- 
tion of  the  observer,  be  easily  separated  from  certain  silicates 
imder  the  common  temperatures  which  are  known  on  (he  sur- 
face of  the  earth»  or  found  at  moderate  deptiis,  drcumstances 
with  regard  to  this  substance  become  changed  when  the 
heat  to  which  it  is  exposed  in  connexion  with  others  is  con- 
siderable. For  instance,  instead  of  decomposing  the  silicates 
of  potash  or  soda,  in  the  manner  above  mentioned,  the  car- 
bonic acid  would  be  driven  off,  and  the  silicic  acid  would 
remain  combined  with  the  alkalies.  Again,  it  is  now  known 
that  while  pure  silica,  so  very  important  geologically,  may  be 
very  difficult  to  dissolve  in  water  at  the  temperature  commonly 
termed  ordinary,  when  the  heat  of  water  is  much  increased 
beneath  the  requisite  pressure,  it  may  be  considered  simply, 
like  many  other  substances,  as  more  soluble  in  highly-heated 
waters  than  in  those  of  more  moderate  temperatures.  Hence, 
when  the  observer  regards  the  facility  with  which  pressure,  and 


*  Mr.  Henry  informs  me  that  when  experimenting  npon  silica  he  found  that 
a  sHicate  of  soda  was  decomposed  even  by  the  carbonic  acid  of  the  atmosphere  and 
the  silica  deposited,  its  state  and  appearance  being  much  affected  by  the  degree 
of  concentration  of  the  solution. 

+  Fossil  siliceous  wood  is  thus  often  beantifolly  preserred. 
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elevated  temperature  may  be  obtained,  by  descent  beneath  the 
surface  of  the  earth,  he  will  see  that  no  slight  modification  and 
change  may  be  eflected  by  the  mere  lowering  of  beds,  moistened 
with  water  to  situations  where  such  water  could  act  upon  the 
silicates  of  the  rocks  among  which  it  may  be  disseminated, 
and  even  upon  silicic  acid  itself,  existing  as  grains  of  pure 
quartz,  this  solution  ready  to  be  affected  by,  and  to  produce 
various  modifications  and  changes  among  the  substances  form- 
ing the  original  deposit,  or  an  admixture  of  other  matter 
subsequently  introduced  amid  its  parts.* 

The  action  of  considerable  heat  upon  rocks,  producing  change 
and  modification  of  their  component  parts,  can  often  be  so  studied 
among  a  minor  mixture  or  juxtaposition  of  igneous  rocks  and 
those  evidently  produced  by  chemical  or  mechanical  deposit  in 
water,  as  much  to  assist  inquiries  into  the  manner  in  which 
more  general  changes  and  modifications  may  be  aided,  and 
even  sometimes  effected  on  a  great  scale.  In  volcanic  regions, 
substances,  such  as  clays,  become  hard^  in  fact  baked,  as  any 
tile  or  brick  may  be,  by  the  overflow  of  a  lava  current  among 
them,  the  result  being  the  same  as  might  be  expected  from  our 
knowledge  of  the  action  of  heat  upon  different  varieties  of  days 
in  our  potteries  and  porcehun  manufactures,  some  clays  burn- 
ing or  baking  well,  others  ill.  In  such  cases  the  usual  result 
is  the  production  of  certwi  changes  by  the  action  of  the  heat 
communicated  from  the  liquid  lava.  A  still  further  modifica- 
tion of  parts  is  effected  when,  without  loss  of  the  original  form 
of  the  deport  acted  upon,  some  of  the  constituent  particles 
have  separated  from  the  main  mass  in  which  they  were  disse- 
minated, and,  joining  together,  have  produced  crystals,  there 
having  existed  a  power  of  movement  in  these  particles,  similar. 


*  It  18  to  be  hoped  that  inyestigatiooB  in  this  direction  may  more  occnpy  the 
attention  of  chemists  than  has  hitherto  occnrred.  The  subject  is  fall  of  inteTest, 
and  appears  one  likely  to  reward  the  labours  of  those,  who  taking  a  certain 
class  of  geological  facts  for  their  guide,  unite  with  them  the  conditions  of  high 
temperature  beneath  great  pressure,  as  also  exclusidn  from  the  atmosphere,  such 
as  may  be  inferred  to  exist  lieneath  gi-ven  depths  in  the  earth,  upon  the  hypo- 
thess  that  heat  increases  downwards  towards  the  central  portions  of  the  earth, 

'or  at  least  the  distance  at  which  water,  should  it  continue  to  exist  as  such, 

«n  be  heated  up  to  a  very  elevated  temperature. 
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80  far  as  regards  conditions  for  separation  from  the  main  mass, 
and  the  movement  obtained,  to  that  abore  mentioned,  as  having 
taken  place  in  yielding  deposits,  such  as  clays. 

This  modification  in  the  arrangement  of  the  component  parts 
of  rocks  is  common  to  certain  igneous  products  of  all  geological 
times.  It  can  be  as  well  seen  amid  the  accumulations  of 
igneous  matter  deposited  with  the  old  Silurian  series  of  the 
British  Islands,  as  in  rarious  regions  among  the  volcanic  pro- 
ducts of  the  present  time,  and  is  one  requiring  some  attention, 
since  it  might  otherwise  much  interfere  with  the  conclusions  of 
an  observer  as  to  the  condition  under  which  the  component  parts 
of  a  rock  may  have  been  originally  gathered  together.  A  por- 
phyritic  character,  from  the  dissemination  of  certain  crystals,  as 
for  example,  those  of  some  of  the  felspars,  may  be  too  hastily 
assumed  as  indicating  the  rock  thus  characterised,  to  have  been 
in  a  complete  molten  state.* 

In  those  instances  where  the  rocks  have  evidently  been  fis- 
sured prior  to  the  introduction  of  the  igneous  matter,  which 
thus  forms  a  simple  dykey  as  it  is  usually  termed,  or  some  tor- 
tuous form  of  vein,  the  observer  would  necessarily  infer  con- 
solidation sufficient  for  the  production  of  the  fracture,  so  that 
any  change  or  modification  found  in  the  rock  fractured  would 
have  taken  place  after  such  bonsolidation.  Cases  of  this  kind 
t)f  alteration  are  far  from  uncommon.  In  studying  them  it  be* 
comes  needful  to  recollect  that  not  only  the  mere  action  of  heat 
may  be  brought  to  bear  under  such  circumstances,  as  it  might 
be  with  regard  to  the  clay  of  a  brick  or  a  porcelain  vase,  but 
also  that  moisture  and  solutions  would  probably  be  disseminated 
in  the  usual  manner  amid  the  pores  and  cracks  of  the  rock  so 
acted  upon,  and  this  often  beneath  much  pressure ;  any  expo- 
sure of  the  changes  thus  found  by  an  observer  being  due 
to  some  of,  or  all,  the  causes  of  denudation,  removing  former, 
and  often  considerable,  pre-existing  and  covering  portions  of 
rocks. 

" : 9 

*  Modifications  of  this  kind,  by  which  crystals  of  felspar  have  been  de- 
veloped in  rocks  which  stUl  preserve  their  original  planes  of  deposit,  are  not 
nncommon.     . 
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Changes  and  modifications  in  such  cases  must  necessarily 
depend  much  upon  the  substances  acted  upon,  and  the  manner 
in  which  their  component  parts  may  have  been  arranged.  The 
most  simple  forms  of  modification  are  those  where  some  sub- 
stance, such  as  common  limestone,  may  have  its  parts  so 
modified  that  a  crystalline  adjustment  of  them  is  efiected ;  the 
portions  of  rock  in  contact  with  the  igneous  matter  being  thus 
altered,  the  greatest  modification  effected  nearest  the  igneous 
rock,  and  becoming  less  as  the  distance  from  it  is  increased. 
Of  this  kind  of  modification  the  often-quoted  instance  of  the 
chalk  in  the  Isle  of  Raghlin  may  be  taken  as  an  example.  In 
this  case,  as  shown  beneath  (fig.  230),  dykes,  a  a  a,  of  basaltic 

Fig.  230. 


c    a    c  a  e  a 


rock  traverse  the  chalk  of  that  part  of  Ireland  (so  much  broken 
up  by  eruptions  of  igneous  matter  at  a  period  subsequent  to  the 
chalk),  conyerting  that  rock,  between  and  adjoining  them, 
into  a  more  crystalline  substance,  c  c,  this  character  gradually 
disappearing  on  each  side,  b  b.  The  alteration  at  the  contact 
of  dykes  of  igneous  rocks  is  not  confined  to  the  more  crystalline 
arrangement  of  the  traTersed  and  adjacent  beds,  certain  mi- 
nerals  being  very  often  formed  by  the  movement  of  their  com- 
ponent particles,  under  conditions  when  they  conld  adjust 
themselves  into  crystals,  the  surrounding  matter  giving  way  to 
their  fonns.  These  minerals  vary  much  according  to  the  die- 
mical  composition  and  physical  structure  of  the  deposits  acted 
upon,  and  also  according  to  the  volume  as  well  as  kind  of  the 
igneous  rocks  introduced. 

A  far  larger  amount  of  modification  and  change  is  neces- 
sarily effected  when  the  mass  of  igneous  rock,  introduced  amid 
prior  accumulations,  is  considerable,  and  when  it  may  be  in- 
ferred, as  is  often  4;he  case,  that  this  intrusion  has  been  effected 
at  depths  beneath  the  surface  where  there  was  no  contact  with 
the  atmosphere ;  but  where,  on  the  contrary,  any  water  dis- 
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tributed  amid  the  pores  or  crevices  of  the  previously-formed 
rock,  consolidated  or  otherwise,  as  may  have  happened,  could 
not  escape,  with  any  solutions  it  contained,  having  been  confined 
to  a  certain  range,  beyond  which  a  continuation  of  the  same,  or 
other  rocks,  with  their  disseminated  moisture,  remained  much 
in  its  condition  prior  to  thQ  intrusion.  As  has  been  previously 
remarked,  certain  of  the  granitic  intrusions  appear  to  have 
effected  much  change  in  adjacent  accumulations.  In  various 
parts  of  the  world,  such  modifications  of  previously-formed 
rocks  of  all  kinds,  in  contact  with  the  intrusions  and  upheavals 
of  granitic  matter,  is  most  marked,  the  altered  rocks  being 
traceable  to  their  more  usual  forms  of  ordinary  limestones,  argil- 
laceous and  arenaceous  slates,  sandstones,  or  the  like ;  some 
even  of  these  rocks  being  fossiliferous,  and  so  occurring,  that 
their  relative  geological  age  can  be  readily  assigned  them. 

Changes  and  modifications  of  this  kind  can  be  well  seen  to 
have  been  produced  upon  the  Cambrian  and  Silurian  rocks, 
prior  to  the  accumulation  of  the  old  red  sandstone,  in  parts  of 
Ireland  (in  the  counties  of  Wicklow,  Wexford,  &c.)  ;  and  in 
south-western  England,  upon  deposits  of  a  later  date  before  the 
deposit  of  the  new  red  sandstone ;  the  rocks  acted  upon  being  of 
varied  composition,  including  different  igneous  accumulations, 
as  well  thrown  out  in  a  molten  state,  as  deposited  as  ashes  and 
lapilli  beneath  water  (p!  638).  In  such  situations,  the  observer 
will  find,  as  he  might  anticipate,  the  consolidation  by  silica  and 
the  silicates  ofi;en  very  considerable,  beds  of  ordinary  sandstone 
sometimes  exhibiting  their  component  grains  as  if  passing  into 
the  matter  cementing  them.  Judging  from  the  solvent  effects  of 
water  and  steam,  at  high  temperature,  upon  the  usual  silicates 
employed  in  glass,  when  moisture  is  disseminated  in  rocks,  and 
raised  to  a  very  high  temperature,  under  the  conditions  above 
noticed,  the  silicates,  so  common  among  various  ar^llaceous  and 
arenaceous  slates  and  sandstones,  would  be  acted  upon,  so  that 
considerable  consolidation  by  them  became  frequent  among 
these  accumulations. 

Such  conditions  could  be  scarcely  otherwise  than  favourable 
to  the  aggregation  of  certain  substances  into  a  crystalline  state 
upon  a  more  extended  scale  than  in  the  case  of  the  smallei 
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bodies  of  molten  rock  intruded  among,  or  rising  through  frac- 
tures in,  prior  and  consolidated  accumulations.  Certain  igneous 
rocks  seem  sometimes  to  have  had  the  volume  of  their  com- 
ponent minerals  increased,  as,  for  example,  the  crystals  of  horn- 
blende and  felspar  to  have  become  enlarged  near  the  contact 
with  the  granite,  as  if  the  volumes  of  two  or  more  of  the 
originally-sized  crystals  had  been  combined  into  one.  Some- 
times either  with  or  without  increase  of  volume,  the  particles  of 
the  hornblende  and  felspar  of  an  ordinary  greenstone  become 
so  adjusted  as  to  present  far  greater  brilliancy  of  aspect,  so 
that  the  rock  takes  the  appearance  of  that  commonly  known 
as  hornblende  rock.  Good  instances  of  this  kind  are  to  be  seen 
in  the  county  of  Wicklow.  In  like  manner,  the  old  Silurian 
volcanic  ash-beds  of  the  same  district  will  be  seen,  under  similar 
conditions,  with  the  brilliant  aspect  of  hornblende  slates.  The 
hornblende  rock  and  slate  of  the  Lizard  district,  Cornwall,  seem, 
in  like  manner,  little  else  than  ordinary  greenstone,  and  the 
volcanic  ash  of  the  Devonian  series,  modified  either  by  the  action 
of  a  great  mass  of  serpentine  which  has  flowed  over,  and  remained 
upon  them,  or  by  that  of  granitic  matter  beneath.  Seeing  the 
slight  chemical  differences  usually  noticed  between  horn*blende, 
augite,  and  hypersthene,  it  would  be  expected  that  changes 
would  be  effected  in  the  aspect  of  th^  rocks  containing  them, 
under  the  circumstances  mentioned.  «The  hypersthene  rock 
of  some  localities,  as  for  example,  that  of  Cocks  Tor,  near 
Tavistock,  Devon,  appears  to  come  under  this  head.  While 
on  this  subject,  it  may  be  remarked  that  other  modifications 
are  sometimes  observable,  as  if  the  substances  composing  the 
rocks  being  originally  more*  varied,  or  certain  others  having 
entered  among  them  from  without,  after  exposure  to  change 
from  the  consequences  of  juxta-position  to  great  masses  of 
molten  matter,  minerals  appeared  not  found  beyond  the  limits 
which  may  be  assigned  to  these  alterations  and  that  of  other 
associated  accumulations. 

In  some  regions,  as,  for  example,  in  the  counties  of  Wicklow 

and  Wexford,  in  Ireland,  the  manner  in  which  andalusUe  has 

been  developed,  forcing  off  other  portions  of  the  rock,  such  as 

^ica ;  the  old  stratification  of  the  deposit  being  still  retained,  is 
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highly  iDStructive.  Near  the  intruded  granite,  the  crystals  of 
this  mineral  are  occasionally  found  of  large  size ;  and  while 
they  have,  as  it  were,  shouldered  off  the  other  substances  in  the 
way  of  their  formation^  they  sometimes  exhibit  portions  of 
entangled  matter,  such  as  mica,  as  might  be  expected  in  such 
a  mode  of  production.  This  mineral,  not  uncommon  under 
similar  conditions,  is  precisely  one  of  those  which  would*  be 
expected  to  be  thus  formed,  being  essentially  a  plicate  of 
alumina  (the  base  of  the  clays),  a  compound  forming  a  pro- 
minent part  of  the  original  deposits  in  which  these  andalusites 
become  developed.  Chiastolite  is  also  a  foim  in  which  the 
silicate  of  alumina  appears  amid  altered  rocks,  and  is  one  not 
uncommon  among  the  old  sedimentary  deposits  modified  in 
contact  with  granite  in  Devon  and  Cornwall.  Staurolite^  another 
common  mineral  developed  amid  mechanically-formed  deposits, 
when  acted  upon  by  masses  of  granitic  and  of  other  igneous 
rocks  in  a  molten  state,  is  again  one  which  might  be  expected, 
being  essentially  composed  of  silica,  alumina,  and  peroxide  of 
iron,  with  the  addition  of  a  small  portion  of  magnesia.  Cyanite 
is  also  another  form  in  which  silicate  of  alumina  occurs  deve- 
loped amid  altered  rocks.  Garnets  are  often  very  common  in 
those  which  have  suffered  modification  in  the  adjustment  of  their 
component  parts.  When  the  observer  refers  to  the  chemica,l 
composition  of  these  minerals,  «s  shown  by  various  analyses,  he 
will  see,  by  duly  considering  the  isomorphism  of  certain  sub- 
stances, that  their  component  parts  may  be  readily  gathered 
together  under  conditions  for  their  movement,  from  amid  rocks 
apparently  of  different  kinds.  While  peroxide  of  iron  constitutes 
a  prominent  portion  of  some  garnets,  it  is  replaced  by  alumina 
in  others ;  and  while  lime  forms  an  important  substance  in  most 
garnets,  it  may  be  considered  as  replaced  by  protoxide  of  iron 
in  others.  Amid  the  various  altered  rocks  in  which  garnets 
have  been  developed,  the  pushing  aside,  as  it  were,  of  other 
parts  of  associated  mineral  matter,  when  their  crystallization 
was  effected,  may  be  well  studied.  Among  their  modes  of 
occurrence,  those  where  they  have  been  developed  amid 
sandstones,  as  for  example,  near  Killan,  in  the  county  of 
Wexford,  are  highly  interesting,  the  grains  of  sand  bein^ 
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forced  asunder  to  permit  the  development  of  the  crystals  of 
garnets.* 

The  transmission  of  mineral  matter  from  the  igneous  and 
heating  body  into  the  prior-formed  rocks,  whether  these  were 
or  were  not  consolidated,  seems  well  shown  when  boradc  acid  is 
present  among  the  former.  This  appears  to  have  been  the  case 
around  much  of  the  granite  in  Devon  and  Cornwall,  where  schorl^ 
as  above  mentioned,*  (p.  664),  is  not  only  found  disseminated 
around  the  general  mass  of  granite  in  numerous  localities,  but 
also  constitutes  the  outer  portion  of  that  rock  in  many  situa- 
tions. The  matter  of  the  schorl  (chiefly  silicic  add,  boradc 
acid,  and  alumina)*  has  passed  into  the  pre-existing  and  me- 
chanically-formed rocks  in  many  places,  among  which  Fatwork 

*  The  following,  among  the  namerons  analyses  of  garnet  may  show  their 
varied  composition,  chiefly  due  to  isomorphism : — 


No. 

SiUa. 

Alamiiuu 

20*60 

•  • 

22*47 
2*06 

Iron. 

Manganeee 
Protoxide. 

Mt^neiiA. 

Lime. 

PoCMh. 

Ptotozide. 

Peroxide. 

1 
2 
3 

4 

39-85 
35*64 
42*45 
36*45 

24*85 

•  • 

9*29 

•  • 

•  • 

30*00 

•  • 

24*48 

0*46 
3*02 
6*27 
0*28 

9*93 

•  • 

18*43 
0-06 

3.51 
29*31 

6-53 
30*76 

•   • 

2*35 

•  • 

•  • 

1.  Greenland  (Karsten);  2.  Altenan,  Hartz  (Trolle-Wachtmeister ;  3,  Aiendal 
(TroUe-Wachtmebter)  ;  4,  Beanjenz  (Ebelmen). 

*  The  analyses  of  schorl,  by  M.  Hermann,  gave  fivr  the  oompontion  of  black 
schorl  from  Gomoschit,  near  Katherenenbnrg  (l)>of  brown,  ftom  Marsinsk 
(2),  and  of  green,  from  Totschilnaja,  Ural  (3),  and  of  black,  from  Monte  Roa^ 
by  Le  Play  (4)  :— 


Silica.  .  .  . 
Boracic  Acid  • 
Alumina  •  .  • 
Protoxide  of  Iron 
Peroxide  of  Iron 
Manganese  Protoxide 
Magnesia  .  • 
Lime  .  •  .  • 
Lithia  .  •  • 
Potash  .  .  . 
Soda  .... 
Carbonic  Acid  . 
Chrome  •  .  . 
Water      .     .     . 


39-00 

10*73 

30*65 

1-58 

6-10 

■  • 

9-44 


2*50 


37' 
9 

30' 
0- 

12 
2' 


80 
90 
56 
50 
07 
50 


l/'42 

•  • 

0*50 

•  • 

2*09 

1*66 

•  • 


40*54 
11*79 

31*77 

•  • 

3*65 
0*90 

6*44 

•  • 

2*09 


1-66 
1*17 


44-10 

6*72 

26*36 

11*96 


6*96 

0*50 

•  • 

2*32 
0*60 
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Hill  and  Castle  an  Dinas,  near  St.  Colomb,  Cornwall^  may  be 
noticed  as  localities  where  this  circumstance  can  be  well  seen, 
llie  boracic  acid  might,  indeed,  have  solely  escaped  out  of 
the  granitic  mass,  and  meeting  with  the  other  essential  parts  of 
schorl,  have  produced  the  latter  mineral  amid  the  grains  of  the 
mechanically-formed  rocks  thus  acted  upon. 

With  respect  to  mica,  also,  its  component  parts  often  appear 
as  if  introduced  from  the  igneous  rocks  into  many  of  the 
sedimentary  deposits  against,  or  amid  which  they  have  been  in- 
truded, at  the  same  time  that  certain  mechanically-formed  rocks, 
such  as  arenaceous  deposits  containing  detrital  mica,  seem 
merely  to  have  had  the  micaceous  matter  so  acted  upon,  as 
to  form  better-developed  films  of  that  mineral,  its  component 
parts  having  adjusted  themselves  in  a  manner  more  resembling 
an  original  formation  of  mica.  In  like  manner,  also,  ordinary 
felspar  seems  to  have  been  thus  produced,  so  that  an  original 
deposit  in  which  grains  of  quartz,  felspar,  and  mica  have  been 
accumulated,  (the  detritus  of  some  pre-existing  granite  rock,) 
would  become  the  laminated  compound  of  that  character  known 
as  gneiss,  while  one  formed  only  of  grains  of  quartz  and  mica 
would  become  mica  slate*  Paying  due  regard  to  the  original 
composition  of  the  rocks  acted  upon>  with  proper  reference  to 
the  conditions  under  which  mineral  matter  may  be  passed  out» 
and  move  among  the  parts  of  the  igneous  rocks,  gradually 
cooling  down  during  a  long  lapse  of  time,  and  also  amid  the 
pores  and  fissures  of  the  prior-formed  rocks^  the  observer  would 
anticipate  very  numerous  combinations,  producing  great  modifi- 

*  When  coDsideriDg  the  yarious  kinds  of  modification  of  parts  which  deposits 
may  snstaip  from  the  contact  of  great  masses  of  igneous  rocks  in  a  fused  state, 
or  ft*om  descent  towards  the  interior  of  the  earth,  so  that  somewhat  similar  con« 
ditions  may  be  produced,  it  is  not  a  little  interesting  for  the  geologist  to  ^rect 
his  attention  to  those  which  certain  of  them  would,  in  consequence,  present.  If, 
for  example,  the  thick  beds  of  the  millstone  grit,  forming  the  lower  pari  of  the 
coal-measure  series,  (as  this  grit  occurs  in  the  midland  and  northern  counties  of 
England,  composed  of  quartz,  mica,  and  felspar,  the  latter  usually  decomposed;) 
were  exposed  to  the  conditions  for  alteration  above  noticed,  the  compound  would 
have  a  graiutie  appearance,  the  more  especially  if  the  silicates  of  potash  or  soda, 
or  both,  were  introduced,  and  again  united  with  the  remains  of  the  previous 
felspar.  This  rock,  even  as  it  is,  has  often  the  appearance  of  a  somewhat 
decomposed  granite,  as  is  the  case  with  many  sandstones  of  the  coal  measures 
of  the  British  Islands  generally. 
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cations  and  changes  in  the  original  composition  of  dqpoeits. 
He  will  find  the  study  one  of  great  interest,  well  repaying  the 
time  he  may  devote  to  it. 

Whether  such  modifications  and  changes  hare  been  produced 
by  the  depression  of  deposits  to  depths  beneath  the  earth's 
surface,  where  high  temperature  may  cause  the  efiects  noticed, 
be  brought  about  by  similar  action  from  the  juxtaposition  of 
great  masses  of  rocks  elevated  or  intruded  in  a  state  of  igneous 
fiision,  or  consolidation  be  produced  chemically  in  any  other 
way,  affecting  great  masses,  an  observer  may  not  be  unpre- 
pared to  consider  that  the  matter  thus  acted  upon  might 
sometimes  exhibit  an  arrangement  of  parts  corresponding  with 
some  adjustment  on  the  greater  scale.  Whether  those  arrange- 
ments of  the  parts  of  rocks  to  which  the  terms  cleavcye  and  JoinU 
have  been  given,  may  have  taken  place  during  their  first  con- 
solidation, may  be  due  to  some  action  on  the  large  scale  after 
their  consolidation,  as  a  whole  or  in  part,  or  sometimes  have 
been  produced  under  both  conditions  by  an  influence  acting 
independently  of  consolidation,  the  subject  is  one  which  would 
appear  to  require  more  extended  observation,  and  a  better- 
digested  body  of  facts  than  has  as  yet  been  obtained. 

When  an  observer  has  before  him,  as  in  the  slate  quarries  of 
North  Wales,  a  mass  of  mineral  matter  which  he  has  reason  to 
conclude  has  once  been  a  bed  of  clay  or  mud,  now  not  only 
consolidated,  but  also  rendered  highly  fissile  iq  planes  whidi  do 
not  correspond  with  that  of  the  original  deposit ;  such  planes 
constituting  a  part  of  certain  others  traversing  the  rocks  of  a 
district  generally,  that  he  should  be  led  to  infer,  with  Professor 
Sedgwick  and  some  other  geolo^sts,  that  the  finely-divided,  yet 
mechanically-deposited  matter  had  been '  gathered  together 
by  some  force,  resembling  that  which  unites  the  particles  of 
crystals  of  some  given  combination  of  substances,  might  appear 
probable.  The  cleavage  of  crystalline  mineral  substances  in 
planes  afibrding  solids  of  definite  forms,  not  necessarily  resem- 
bling those  which  are  external,  such  minerals  composed  of 
substances,  some  of  which  are  essential  to  the  mineral,  while 
others  seem  accidentally  caught  up  during  the  adjustment  of 
the  former,  may  still  further  iuduw  the  geologist  to  consider 
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the  subject  under  this  point  of  view.  The  well-known  crys- 
tallized Bandstone,  as  it  has  been  termed,  of  Fontainebleau, 
whereiB  mecbaaicatly-fonned  aliceoos  grains  are  entangled 
by  carbonate  of  lime,  the  vhole  taking  the  external  appearance 
of  crystallized  carbonate  of  lime,  show  him  how,  iHider  fitting 
conditions,  matter,  foreign  to  the  substance  crystallized,  may  be 
entangled  mechanically  in  it 

Upon  etadying  the  districts  where  the  cleavage  of  rocks 
occurs,  the  geologist  usually  finds  a  considerable  degree  of 
uniformity  of  direction  in  the  course  of  the  cleavage  plaoes, 
where  they  cat  the  horizon,  through  a  variety  of  rocks,  and  over 
considerable  areas.  In  certain  of  tbe  masses  or  beds  in  which 
this  has  taken  place,  the  efiect  appears  to  have  been  more  easily 
produced  than  in  others,  and  it  may  be  sometimes  seen  that 
while,  in  associated  coarse  and  fine  grained  beds,  the  latter  are 
beautifully  cleaved,  the  former  appear  unafiected,  as  if  the  fine 
particles  of  the  one  could  be  easily  acted  upon,  while  ihe 
coarser  grains  better  resisted  a  new  adjustment.  This  con- 
clusion requires,  however,  much  caution,  since  though  the 
coarser  beds  may  not,  at  first  sight,  appear  aflected  by  the  ar- 
rangement of  parts  producing  cleavage,  they  may  be  found  when 
broken  to  exhibit  divisional  planes,  though  these  may  not  be  bo 
numerous,  in  the  direction  of  those  in  the  finer-grained  beds 
associated  with  them.  Thus,  in  the  following  section  (fig.  23S), 
representing  sandstone  beds,  0,0,0,  associated  with  argillaceous 
Pig.  sst. 


beds,  b,  b,  b,  while  the  cleavage  may  be  well  developed  and 
easily  seen  in  the  latter,  in  the  former  it  may  also  be  found  by 
fracture  of  the  beds,  or  by  their  decomposition  from  atmospheric 
influences.  This,  however,  by  no  means  constantly  occurs,  the 
conditions  under  which  the  fine-grained  beds  were  cleaved. 
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not  having  apparently  adjusted  the  parte  of  the  other  beds,  so 
that  they  became  thus  divisible. 

In  certain  of  the  carbooiferous  limestODe  districts  in  Ireland, 
where  shales  are  associated  with  the  limestone  beds,  the  cleavage 
of  the  former  is  apparent,  while  the  latter  are  either  unaffected 
\ij  it,  or  so  obscurely  as  not  to  have  their  component  parts 
adjusted  to  the  same  amount  by  this  action.  The  following 
section  (fig.  233),  at  Cionea  Castle,  county  Waterford,  will  serve 

Pig.  233. 


to  illustrate  this  drcumstance,  a,  a,  a,  being  beds  of  limestone 
which  do  not  exhibit  cleavage,  while  the  shales,  b,  b,  usually 
more  or  less  calcareous,  and  associated  with  them,  are  cleaved. 
Ilie  same  locality  also  shows  that  where  the  limestone  beds 
become  somewhat  argillaceous,  partaking  partly  of  the  character 
of  the  shales,  and  partly  of  the  more  pure  limestones,  they  exhibit 
marks  of  cleavage  action,  as  if  the  particles,'  being  then  less 
coherent,  had  more  readily  given  way  before  that  influence. 
The  following  sketch  (fig.  234)  may  be  found  useful  In  illus- 

Fig.  S34. 


%, 


tration  of  the  modified  passage  of  cleavage  throng  dieBimilar 
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substaacea,  or  of  those  the  coherence  of  the  parts  of  which,  at 
the  time  of  the  cleavage  action,  may  have  been  different.  It 
repr^ents  a  portion  of  the  Devonian  aeries,  on  the  east  of 
Hillsborough,  near  Ilfracombe,  North  Devon,  b,  b,  b,  being 
thin  seams  of  limestone,  about  two  or  three  incJies  thick,  a,  a,  a, 
ai^^llaceouB  slates ;  the  argillaceous  slates  being  made  so  by 
cleaTage.  The  trae  planes  of  depodt  are  shown  by  those  of  the 
interstratified  seams  of  limestone.  The  planes  of  cleavage 
lamination  traverse  the  whole  with  a  general  southern  dip, 
slightly  interrupted  at  the  seams  of  limestone,  where  their 
course  is  modified ;  and  though  the  limestone  is  divided  in  the 
same  general  direction,  it  is  so  in  a  somewhat  contorted  manner, 
as  shown  by  the  carbonate  of  lime  which  has  been  subsequently 
unfiltrated  and  deposited  in  the  fissures  so  fiomed.  The  some- 
what contorted  modification  of  the  cleavage  in  the  limestone  is 
shown  at  c.  In  such  cases  as  .these  the  observer  may  con- 
sider the  limestone  to  have  been  consolidated  so  as  to  have 
been  capable  of  a  certain  amount  of  fracture,  while  the  mud  or 
clay,  now  consolidated  as  well  as  cleaved,  so  as  to  &rm  hard 
slates  in  the  direction  of  the  cleavage,  had  the  whole  of  its  com- 
ponent parts  more  or  lees  rearranged  in  cert^  directions  by 
the  cleavage  action. 

At  times  an  interruption  may  be  traced  even  between  all- 
iaceous beds  themselves,  when  these  are  piled  upon  each  other 
in  a  manner  marking  a  pause  in  the  deposit,  so  that  a  clear 
surface  has  been  formed  between  the  production  of  one  bed 
and  the  accumulation  of  another.  The  following  section 
(fig.  235),  seen  near  'Wlveliscombe,  West  Somerset,  shows  that 
a  Fig.  !39. 


while  the  planes  of  cleavage  take  a  general  direction,  a,  a,  they 
ai^  slightly  bent,  and  undulate  where  the  partincts  of  the  bed; . 
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d,  b,  occur.  Whether,  at  the  time  of  the  cleavage  the  mere 
break  in  the  continuity  of  the  argillaceous  matter  was  sufficient 
to  produce  this  effect,  or  whether  any  kinds  of  substances  may 
have  been  in  solution  in  water,  occupying  the  interstices  be- 
tween the  beds,  causing  the  effects  observed,  becomes  matter 
for  investigation. 

These  interruptions  and  modifications  of  cleavage,  though 
important  for  the  study  of  its  cause  and  mode  of  action,  and 
which  are  far  from  being  always  observable,  become  lost  when 
cleavage  is  traced  through  considerable  masses  of  rocks,  and 
viewed  on  the  large  scale.  We  find  it,  as  Professor  Sedgwick 
long  since  (1835)  pointed  out,  in  a  large  portion  of  North 
Wales,*  traversing  all  kinds  of  rocks,  in  given  directions,  over 
wide  areas,  notwithstanding  the  varied  position  of  their  beds. 
Indeed,  it  may  sometimes  be  readily  traced  through  them 
when  contorted  in  all  directions,  as  well  horizontally  as  ver- 
tically. As  the  cleavage  thus  cuts  through  even  contorted 
rocks,  it  must  clearly  often  happen  that  it  passes  through  their 
planes  of  direction  at  various  angles.  This  will  be  found 
to  occur  more  frequently  than  might,  without  very  careful 
examination,  at  first  sight  appear ;  however  it  may  arise  that, 
in  certain  districts,  the  general  direction  of  the  true  bedding,  or 
planes  of  deposit,  may  be  found  to  coincide  with  that  of  the 
cleavage,  as  regards  horizontal  range,  whatever  variation  the 
dip  of  the  cleavage  may  exhibit  as  regards  itself,  or  the  true 
bedding  of  the  rocks.  With  respect  to  a  mass  of  rocks  of 
varied  kinds,  detrital  and  igneous,  with  some  admixture  of 
limestone,  traversed  by  cleavage  ran^ng  diagonally  to  the 

♦  "  The  whole  regioD,"  the  Professor  observes,  with  reference  to  the  ooantry 
near  Rbaiadr  to  the  gorges  of  the  Eolan  and  Towj,  *'  is  made  up  of  contorted 
strata ;  and  of  the  true  bedding  there  is  not  the  shadow  of  a  doubt.  Many 
parts  are  of  a  coarse  mechanical  structure,  but  subordinate  to  them  are  fine 
crystalline  chloritic  slates.  But  the  coarser  beds  and  the  finer,  the  twisted  and 
the  straight,  have  all  been  subjected  to  one  change.  Crystalline  forces  have 
re-arranged  whole  mountain  masses  of  them,  producing  a  beautifbl  crystalline 
cleavage,  passing  alike  through  all  the  strata.  And  again,  through  aU  this 
region,  whatever  be  the  contortions  of  the  rocks,  the  planes  of  the  cleavage  pass 
on,  generally  without  deviation,  runnbg  in  parallel  lines  from  one  end  to  the 
other,  and  inclining  at  a  great  angle,  to  a  point  only  a  few  degrees  wmt  of  mag- 

letic  north."-—''  On  the  Structure  of  Large  Mineral  Masses,  Trans,  of  the  Geo- 

oirical  Society  of  London."  2nd  seriiw.  vol.  liJ.  n  ^77 
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genera]  bedding,  the  chun  of  hills  known  as  the  Chair  of 
Kildare,  Ireland,  may  be  taken  aa  a  good  example,  easily 
visited.  The  range  of  the  cleavage  coincides  generally  with 
that  of  the  neighbouring  districts  in  the  counties  of  Wicklow 
and  Wexford;  while  the  beds  have  a  direction  diagonally 
across  the  cleavage.  Among  these  hills  highly-crystalline  por- 
phyries will  be  found  cut  by  cleavage,  as  well  as  the  argilla- 
ceous and  arenaceous  beds  of  the  Silurian  series  of  which 
they  are  principally  composed.  As  illustrative  of  variation  in 
the  dip  of  the  cleavage,  and  of  the  true  beds  seen  vertically, 
and  e9^)ecially  when  the  latter  are  contorted,  the  following 
section  (6g.  236)  of  part  of  the  Devonian  series,  on  the  coast 
Fig.  aae. 


between  Morte  and  Bull  Point,  near  Ilfracombe,  may  be 
useful,  inasmuch  as  the  true  beds,  chiefly  of  argillaceous 
matter,  have  been  so  cleaved  in  a  constant  du^ction,  that  while 
the  cleavage  planes,  a,  a,  sometimes  cut  the  bedding  at  right 
angles,  at  otters  they  coincide  with  it,  as  at  b,  b. 

Among  the  contorted  and  cleaved  rocks,  some  will  be  found 
which  may  lead  an  observer  to  consider  how  &r  the  cleavage 
took  place  after  their  consolidation  into  the  hard  sandstone,  and 
even  quartz  tocks,  which  he  may  find,  or  had  occurred  while  that 
consolidation  was  in  progress.  The  following  sketch  (fig.  237J 
Fig.  237. 


of  the  cleavage  of  hard  sandstone  beds,  with  some  slate,  part  of 
the  Cambrian  series,  at  Ewlchhela,  nearly  opposite  the  Pen- 
rhyn  slate  quarries,  North  Wales,  may  serve  to  illustrate  th' 
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subject,  a,  a,  being  the  lines  of  cleavage  traveling  the  disturbed 
beds.  Cleavage  of  this  kind  is  exhibited  oq  a  much  larger 
scale  at  ^  Holyhead  Mountiua,  Ai^lesea,  amid  its  quartz 
rocks,  thus  rendered  fis^le  in  a  great  measure  across  the  bedding, 
as  is  shown  in  the  following  section  (fig.  238)  seen  on  the  cliff 
Fig.  238. 


opp(»ite  the  South  Stack  Lighthouse ;  the  nearly  vertical  lines, 
a,a,a,  representing  the  direction  of  those  of  cleavage,  varying 
somewhat  in  their  amount  of  dips,  the  contorted  beds  being 
composed  of  sandstone  and  slate ;  the  former,  fi>r  the  most 
part,  converted  into  quartz  rock. 

Occasionally  the  observer  will  find  a  double  cleavage,  one 

set  of  planes    cutting   another,   as  in   the  annexed    section 

(fig.  239),  where  two  sets,  a  a  and  b  b,  cross  the  beds  c,  c,  and 

Fig.  339. 


each  other,  dividing  up  the  mineral  matter  of  the  deposit  into 
elongated  forms  of  a  prismatic  character.*  To  the  same  kind  of 
action  we  may,  perhaps,  assign  those  somewhat  r^ularly 
formed  solids  into  which  arenaceous  beds  are  occasionally 
divided  in  countries  where  cleavage  has  been  e&cted.  In  such 
cases  the  cleavage  planes  cut  those  of  deposed  or  true  bedding, 
either  at  right  or  considerable  angles,  so  as  to  produce  forms  of 

*  When  Ok  j<nml^  to  be  here«ner  noticed,  we  nmnenHu  uid  lomevliAt  dtae 
■  each  other,  the  roek  becomee  broken  np  into  a  mnldtude  of  short  iiregalAT 
imstic  portioni,  of  •  nurked  character. 
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the  following  kind  (fig,  240).     The  resulting  portiona  of  rock 

vary  considerably  in  size.     We   have  seen   some  not  much 

Fig.  240. 


7 


larger  than  four  times  that  above   represented,  though  they 
are  usually  much  larger. 

As  to  the  relative  date  of  the  cleav^e,  the  observer  may 
sometimes  obtain  evidence  of  importance.  Thus  in  Ireland,  in 
the  old  red  sandstone  series  of  the  counties  Waterford,  Kerry, 
and  Cork,  which  affords  such  excellent  examples  of  cleavage, 
it  will  probably  have  been  effected  after  that  of  the  Silurian 
rocks  of  Wicklow,  Wexford,  and  Waterford ;  inasmuch  as 
portions  of  Silurian  slates  are  to  be  found  in  the  coi^lomerates 
of  the  old  red  sandstone  o£  Waterford,  clearly  worn  off  in  a 
cleaved  condition  from  the  subjacent  upturned  and  contorted 
rocks,  on  which  this  conglomerate  has  been  deposited. 
Hence,  also,  it  may  be  inferred  that  the  cleavage  of  the  moun- 
tun  or  carboniferous  limestone  shales  found  in  some  parte  of 
Ireland,  occurred  after  that  of  the  Silurian  rocks  above  men- 
tioned. In  the  section  beneath  (fig.  241),  representing  veins 
of  aporphyritic  rock,  a,  a,  traver^ng  some  Devonian  slates,  £,  ft. 
Fig.  241.  a 


between  Caweand  and  Bedding  Point,  Plymouth  Sound,  the 
slates  and  the  igneous  rock  presenting  one  common  lamination 
from  cleavage,  the  latter  would  be  effected  after  the  intruson  of 
the  porphyry.  Upon  studyingthe  mode  of  occurrence  of  the  rocks 
in  the  district,  it  will  be  found,  as  above  noticed  (p.  654),  that 
porphyries  of  this  kind  might  belong  to  the  period  of  tbos' 
known  as  elvatu  in  Cornwall  and  Devon. 
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Bj  examining  the  conglomerate  usually  ferming  the  lower 
part  of  the  new  red  eandstone  series  of  Devonshire,  the  obeerver 
detects  portions  of  the  prior-formed  rocks  laminated  in  a  manner 
so  agreeing  with  cleavage,  that  he  may  infer  that  the  cleavage 
of  the  older  Devonian  rocks  was  effected  before  the  deposit  of 
the  new  red  sandstone  in  that  district,  and  subsequently  to  the 
intrudon  of  the  granite. 

Upon  foillowing  out  the  modification  and  adjustment  of  parts 
in  rocks  traversed  by  cleavage,  it  will  in  many  districts  ]ie  seen 
that  there  has  been  a  movement  and  re-arrangement  of  tbem 
in  directions  corresponding  with  tlie  planes  of  cleavage.  There 
have  often  been  elongations  in  ^ose  directicHis,  so  that  any 
oi^auic  remains  contained  in  the  beds  become  distorted,  and 
seem  as  if  pulled  out,  as  in  the  following  sketch  (fig.  242), 
Fig.  a43. 


where  several  shells  of  Strophomena  exparua  have  suflered  this 
elongation,  in  the  direction  of  the  plane  of  cleavage,  a  ft,  at  Cwm 
Idwal,  Caernarvonshire,  the  real  form  of  this  rfiell  being  that 
represented  beneath  (fig.  243).    Sometimes  a  fbcsil,  such  as  a 

Fig.  243. 
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trilobite,  may  be  doubled  down  on  both  sddes,  as  over  a,  ridge, 

in  the  following  manner  (fig.  244),  the  »deB  of  a   Calymene 

Fig.  244. 


Blumeniaehii,  a,  having  been,  as  it  were,  pulled  down  by  the 
cleavage,  the  real  form  of  this  trilobite  being  that  shown  at  b.* 
This  adjustment  of  a  fossil  to  the  planes  of  cleavage  has  been 
regarded  by  some  geologists  as  efiected  by  a  purely  mechanical 
movement,  cleavage  being  referred  to  a  pressure  of  the  com- 
ponent parts  of  rocks  productive  of  the  effects  seen,  lie 
observer  will  do  well  to  consider  the  evidence  adduced  in  sup- 
port of  this  view.f  At  the  same  time  he  will  have  to  direct 
hia  attention  to  the  lamination  of  clays  effected  by  electrical 
action,  as  shown  by  Mr.  Robert  Were  Fox,t  and  Mr.  Robert 
Hunt,§  and  bear  in  mind  that  great  masses  of  rocks  are 
often  extended  layers  of  dissimilar  or  variously  aj^egated 
matter,  moistened  by  saline  solutjons,  in  which  common  salt 

•  The  apedmeo  whence  the  ikelch  is  taken  is  from  Ibe  lower  Sibriui  rock* 
of  Hendre  Wen,  near  Cerrig  j  Druidion,  North  Wiln, 

t  See  writing*  of  Mr.  Sharps.  GeotogicalJounial,  vol.  ii.,  p.  74;  vol.  v.,  p.  111. 

I  Mr.  Bubert  Were  Fox  having  prodnced  luninntioD  of  claji  by  means  of 
Iong..coDtiQued  voltaic  electricity,  pointed  ont  (in  1837)  the  bearing  of  hti  expe- 
riments in  the  Report  of  the  Polytechnic  Sode^  of  Cornwall  for  that  year 
(pp.  30, 31,  and  68,69}.  He  found  (hat  the  planet  of  the  laminte  were  formed 
at  right  angles  to  the  directioii  of  the  electric  forces.  With  reAimce  to  the 
cleavage  of  rocks,  Mr.  Fox  cotisidered  "  the  prevailing  directions  of  the  elec- 
trical force*,  depending  often  on  local  censes,  to  have  determined  that  of  deavage, 
and  the  mora  or  less  heterogeneoo*  nature  of  the  rock  to  have  modified  the 
extent  of  their  infloence." 

§  Experiment*  carried  on  by  Mr.  Bobert  Hont  at  the  Museum  of  Practical 
Geology,  showed  similar  Tcsalta;  Hemcun  of  the  Geol.  BDrv*y.,ToI.i,,p.433 
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frequenily  occupies  a  prominent  place.  He  has  also  to  recol-* 
lect  that  these  layers,  as  has  been  pointed  out  by  Professor 
Rogers,*  may,  under  certain  conditions,  be  differently  heated, 
one  portion  descending  to  depths  beneath  the  sur&ce  of  the 
earth,  where  a  high  temperature  could  act  on  such  parts 
of  the  rocks,  and  the  solutions  in  them,  so  that  thermal 
electricity  may  be  brought  to  influence  the  arrangement 
of  tiieir  component  parte.  Viewing  the  subject  in  this  light, 
the  particles,  all  other  things  being  equal,  which  were  the 
most  readily  moveable,  such  as  those  of  clays  or  unconsoli- 
dated accumulations  of  alt,  would  appear  to  be  the  deposits 
most  readily  acted  upon,  and  there  appears  littie  difficulty  in 
inferring  that  the  particles  of  matter,  such  as  those  which  have 
composed  slight  organic  bodies,  or  represent  such  particles  at 
tiie  time  when  the  cleavage  action  was  in  force,  would  yield, 
like  those  amid  which  they  were  placed,  to  the  same  influence, 
so  that  at  the  final  adjustment  of  all  the  component  parts  of  a 
cleaved  rock,  they  would  be  found  so  arranged,  as  regards 
their  original  position,  as  to  present  an  elongated  form. 

An  observer  will  sometimes  find  cleavage  occupying  a  some- 
what isolated  position  in  a  given  area,  as  also  a  portion  of  a 
generally-cleaved  district  apparently  unaffected  by  any  action 
of  the  kind.  Facts  illustrating  the  causes  of  these  differences 
are  very  desirable,  as  are,  indeed,  all  careful  observations  on 
the  subject  of  cleavage,  considered  as  a  whole.  Whatever  view 
may  be  taken  of  its  cause,  extended  research  is  required  as  to 
the  direction  of  cleavage  through  many  and  variously-situated 
re^ons,  the  composition  and  mode  of  occurrence  of  the  rocks 
traversed,  and  the  changes  in  the  dips  of  the  planes  of  cleavage, 
as  well  as  in  their  directions.  In  certain  districts,  where  dif- 
ferent directions  of  cleavage  seem  much  to  correspond  with 
that  of  the  ranges  of  the  rocks  themselves,  and  these  are  of 
different  geological  ages,  as,  for  example,  the  north-east  portion 
of  North  Wales,  where  certain  Upper  Silurian  deposits  have 
been  accumulated  upon  rocks  of  tiie  Lower  Silurian  series, 
upturned,  with  others  of  the  Cambrian  series  supporting  them, 


*  AtheosuD,  Proceedings  of  British  Associatloo,  BiTmin^jham,  1849. 
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it  becomes  desirable  to  ascertain  how  far  one  direction  of 
cleavage  is  limited  to  the  rocks  of  one  general  range  and  not 
found  in  the  other.  In  other  words,  endeavouring  to  ascertain 
how  far  the  cause  of  cleavage,  or  its  mode  of  action,  may  have 
depended  upon  the  general  position  of  the  beds  in  the  rocks  them- 
selves. Now,  in  the  case  mentioned,  the  cleavage  of  the  older 
rocks  (Lower  Silurian  and  Cambrian)  differs  considerably  from 
that  found  in  those  more  recently  deposited  (Upper  Silurian). 
When  the  observer  connects  this  with  the  circumstance  that 
in  the  same  country  (North  Wales)  one  set  of  rocks  (the 
former)  had  been  disturbed  and  contorted,  even  in  parts  pro- 
bably constituting  dry  land,  (certain  of  its  rocks,  at  least,  so 
consolidated  that  they  could  be  broken  off  and  form  the 
materials  for.  beaches,  with  vein  quartz,  pointing  to  the  filling 
of  cracks  and  fissures,)  he  may  be  led  to  inquire  not  only  into 
the  evidence  of  the  cleavage  having  been  effected  in  the  older 
deposits  anterior  to  that  in  the  more  recent,  but  also  into 
the  probability  of  this  action  having  coincided  with  the  different 
geological  times  during  which  the  consolidation  of  both  may 
have  taken  place. 

In  some  districts,  it  requires  no  slight  care  on  the  part  of  a 
geologist  to  ascertain  whether  the  lamination  of  a  rock  before 
him  may  be  due  to  that  of  original  deposit  or  to  cleavage,  far 
more,  without  some  experience,  than  might  at  first  be  thought 
probable.  This  difiSculty  is  occasionally  also  increased  by  such 
arrangements  of  parts,  apparently  produced  during  the  action 
effecting  cleavage,  that  the  matter  of  the  rock  is  gathered 
under  somewhat  different  forms  in  the  planes  of  cleavage, 
causing  a  diversified  kind  of  lamination  of  a  very  deceptive  kind. 
Instances  of  this  fact  may  be  well  seen  in  Wales  and  in 
southern  Ireland.  Where  such  difficulties  present  themselves, 
the  observer  should  very  carefully  search  for  lines  of  organic 
remsuns,  which  usually  afford  clear  evidence  of  the  true  planes  of 
bedding ;  a  slight  seam  of  such  remains  may  often  suffice  to 
place  him  right  with  respect  to  the  true  bedding  of  a  mass  of 
cleaved  rocks.  Sandstone,  limestone,  or  other  rocks  marking 
the  bedding,  should  also  be  carefully  sought,  so  that  errors, 
easily  committed  in  some  regions,  leading  to  the  confusion  of 


the  range  aad  direction  of.  the  true  bedding,  may  be  aroided. 
In  a  section  such  as  the  following  (fig.  245),  a  stratum  uf  this 


kind  as  at  a,  may  show  the  true  bedding,  perhaps  otherwise 
Tery  indistiiict,  the  cleavage,  b,  prominent,  so  as  to  give  a  false 
appearance  of  deposit  lamination  in  another  direction. 

Independently  of  the  arrangement  of  the  component  parts 
of  rocks  into  cleavage,  under  certain  conditions,  there  is 
another  adjustment  of  them,  to  which  the  term  Joint  has  been 
applied.  It  is  one  to  which  the  observer,  among  consolidated 
depoats  and  igneous  matter,  will  often  have  to  direct  his  atten- 
tion. Joints  are  of  far  more  extended  occurrence  than  cleavage, 
though  they  are  to  be  found  as  commonly  in  districts  affected 
by  tlie  latter,  aa  in  others.  They  are  seen  as  frequently  among 
rocks  which  have  been  ejected  ur  protruded  in  igneous  fnuon, 
as  among  those  which  are  detrital,  or  which  may  have  been 
deposited  from  solution.  They  traverse  the  coarsest  con- 
glomerates as  well  as  accumulations  of  the  finest  sediment, 
such  as  once  may  have  been  common  argillaceous  clay  or  mud. 
The  distinction  between  coarse  cleavage  and  closely-approxi- 
mated joints  may  be  sometimes  difficult  to  determine,  as,  fin- 
example,  in  [tlie  section  beneath  (fig.  246),  representing  a 
Fir.  246. 


porphyry  traversed  by  pluies,  dividing  it  into  slabs  of  moderate 
thickness  in  a  given  direction,  on  the  summit  of  the  mountain 
on  the  south  of  Clynog  Vawr,  Caernarvonshire.  As  a  whole, 
however,  the  joints  so  traverse  all  kinds  of  rocks,  cutting  through 
iich  varied  bodies,  those,  for  example,  often  gathered  tc^^er 
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in  a  coarse  conglomerate,  and  in  such  definite  and  perfect 
planes,  that  powerful  as  cleavage  has  often  been,  the  acdon 
productiye  of  joints  sometimes  appears  to  have  been  more 
capable  of  dividing  the  mmeral  matter  brought  within  its 
influence. 

It  is  often  by  means  of  the  minor  solids  into  which  many 
rocks  are  divided  from  the  intersection  of  joints,  or  by  that  of 
the  latter  and  the  planes  of  true  bedding,  that  they  can  be 
employed  for  useful  purposes.  Though  from  the  last  circum- 
stance long  known,  joints  have  only  attracted  attention  as  among 
objects  of  geological  interest  within  the  present  century.  The 
joints  of  granitic  rocks  appear  to  have  been  among  the  earliest 
of  those  observed  as  having  definite,  pr  nearly  definite  directions 
for  considerable  distances  in  given  areas.*  llie  planes  of  joints 
in  these  rocks  not  only  present  much  interest  in  themselves,  as 
dividing  the  matter  of  the  rock,  so  that  in  some  which  contain 
large  crystals  of  felspar,  as  in  the  south-west  of  England,  and 
other  districts,  the  parts  of  the  divided  crystals  exactly  face 
one  another  on  each  side  of  the  joints,  but  also  as  coinciding 
with  a  kind  of  cleavage,   usually  found  ranging  parallel  to 


*  With  respect  to  the  directions  of  joints  in  south-western  England,  Professor 
Sedgwick  remarked  in  1821  (Cambridge  Philosophical  Transactions,  yoI.  i.) 
that  "  whenever  any  natural  section  of  the  country  (Devon  and  Cornwall)  ex- 
poses an  extended  surfiice  of  the  granite,  we  find  portions  of  it  divided  by  fis- 
sures, which  often,  for  a  considerable  extent,  preserve  an  exact  parallelism 
among  themselves."  He  further  adds,  that  **  these  masses  are  not  unfrequently 
subdivided  by  a  second  system  of  fissures,  nearly  perpendicular  to  the  former, 
in  consequence  of  which  structure  the  whole  aggregate  becomes  separated  into 
blocks  of  rhomboidal  form."  In  1833  Mr.  Enys  pointed  out  that  the  vertical 
joints  of  the  Penryn  granite  ranged  from  N.N.W.  to  SJS.E.,  varying  but  a  few 
degrees  from  those  points.— ("  On  the  Granite  District  near  Penryn,  Cornwall," 
London  and  Edinburgh  Phil.  Mag.,  May,  1833.) 

From  very  careful  research  in  the  granitic  districts  of  Cornwall  and 
Devon  we  found,  as  elsewhere  stated  (Report  on  the  Geology  of  Cornwall  and 
Devon,  1839),  that  many  hundreds  of  observations  gave  about  80  per  cent  of 
cases  in  which  the  great  joints  differed  only  lA^  from  N.  25^  W.,  and  about  15 
per  cent,  of  instances  in  which  they  varied  between  14°  to  20°  from  that  point, 
leaving  5  per  cent  of  cases  in  which  the  northerly  and  southerly  joints  more 
approximate  to  the  cross  joints.  The  prevailing  direction  of  the  joints  in  the 
serpentine  district  of  Cornwall  ranges  within  a  few  degrees  of  N.  25''  W.  In 
thi»  body  of  rock,  as  in  the  various  granitic  portions  of  the  same  district,  there 
are  numerous  variations  in  direction,  but  viewed  as  a  whole  the  general  range 
of  joints  is  as  above  stated. 


720  JOINTS  IN  GRANITE. 

the  fissures  of  jointing,  so  that  the  quarry-men  will  work  off 
minor  portions  of  the  granite  by,  as  they  term  it,  taMng  tbe 
yrain  of  the  stone,  this  grain  being  parallel  with  tlie  planes  of 
the  joints.  Though  the  joints  are  sufficiently  obyions,  tbis 
grun  may  not  be  perceptible  to  the  eye  of  an  observer,  at  tfae 
same  time  that  the  quarry-men,  working  from  experience  in 
certain  directions  and  planes,  produce  the  effect  dedred  by 
forming  holes  and  driving  numerous  wedges  in  such  planeK. 

The  columnar  appearance  of  granite,  produced  by  the  occm^ 
rence  of  block  upon  block,  as  if  artificially  piled  on  each  other, 
is  oflen  to  be  seen  on  exposed  mountain  peaks,  bosses  protruding 
from  more  rounded  and  less  elevated  masses  of  that  rock, 
and  on  sea  cli£.    The  following  (fig.  247)  may  serve  to  illus- 

Fig.  247. 


trate  the  appearance  of  jointed  granite  on  sea-coasts,  such  aa 
those  of  the  Land's  End  district,  Cornwall.  The  horizontal 
planes  shown,  are  due  to  tbe  structural  arrangement  of  the 
granite  of  that  county,  and  to  be  seen  in  many  other  parts  of 
the  world,  in  accordance  with  the  external  form  of  the  general 
mass.  It  may  be,  that  in  tbe  joints  of  granitic  rocks  we 
only  have  the  structural  arrangement  of  parts  e^ted  at 
their  consolidation,  so  that  the  different  origin  of  the  horizontal 
from  the  vertical  planes  may  be  somewhat  imafi^nary.  Tiw 
'  more  or  less  vertical  joints  of  some  granitic  areas  are  certainly 
often  continued,  as  for  example  in  Cornwall,  into  the  sedimen- 
tary rocks  amid  which  they  may  occur,  but  how  far  it  can 
thence  be  inferred  that  these  were  produced  subsequently  to  tbe 
horizontal  planes  in  the  granite  may  be  questionable,  inasmudi 
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as  the  jointing  of  the  whole  area  may  have  been  effected  at 
one  geological  period.  Indeed,  as  above  noticed  (p.  666),  the 
granite  ma;  oftea  be  inferred  to  be  at  comparatively  Blight 
depths  beneath  such  districts,  supporting  the  sedimentary  rocks 
that  have  been  upraiBed. 

Though  it  may  be  sometimes  doubted,  regarding  the  more 
or  less  vertical  jointing  of  granitic  rocks,  how  far  it  may  be 
considered  as  originally  structural,  like  the  dividons  in  certain 
felapathic  and  hornblendic  rocke,  giving  a  columnar  character  to 
them,  in  the  manner  of  basalts  (p.  468),  there  can  he  no  doubt 
as  to  the  joints  in  the  sedimentary  rocks.  Here  the  observer 
certainly  sees  the  matter  of  consolidated  gravels,  sand,  silt  and 
clay,  or  mud,  distinctly  divided  by  planes  cutting  through  them 
in  marked  directions  for  considerable  distances.  Such  appear- 
ances as  the  following  (fig.  248),  are  often  presented  to  the 
Fig.  216. 


attention  of  an  observer  amid  setUmentary  accumidations,  par- 
ticularly when  these  are  well  consolidated,  two  sets  of  joints, 
shown  by  the  planes  a  and  b,  intersecting  at  c,  and  a  joint 
parallel  to  a  appearing  at  d. 

The  moat  striking  illustrations  of  the  action  of  the  power 
productive  of  joints  is  to  be  seen  in  conglomerates,  where  a 
great  variety  of  pebbles,  and  of  different  sizes,  is  sometimea 
found  divided  as  smoothly,  in  given  planes,  as  if  these  pebbles 
had  been  formed  of  soft  yielding  substances,  and  had  been  cut 
by  some  thin  sharp  instrument,  dividing  them  asunder  in  one 
]^ane.    Good  illustrations  of  this  circumstance  may  be  seen  in 
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the  conglomerates  amid  the  older  rocks,  and  perhaps  are 
nowhere  better  exhibited  than  among  the  old  red  sandstone  con- 
glomerates in  the  coimty  of  Waterford.  Huge  masses  of  the 
conglomerate,  composed  of  quartz  pebbles,  and  of  portions  of 
older  arenaceous  and  other  deposits,  as  also  of  igneous  rocks,  in 
certain  localities,  may  be  found  smoothly  cut  throu^,  and 
separated  by  joint  planes.  In  the  Commerachs,  as  for  example, 
in  the  difis  rising  several  hundred  feet  above  the  lakes,  they 
seem  to  divide  the  mass  of  conglomerate  into  huge  columns. 
Upon  careful  examination,  the  cUvision  presents  no  trace  of 
dislocation  or  movement,  the  feces  of  the  divided  parts  of  the 
pebbles  fitting  ea(*h  other  exactly.  Joints  of  this  kind  are  very 
accessible,  and  readily  seen  in  the  old  red  sandstone  con- 
glomerate resting  upon  upturned  Silurian  rocks,  oppoate  the 
town  of  Waterford.  Of  the  manner  in  which  these  divisional 
planes  pass  through  conglomerates,  without  the  slightest  trace 
of  movement  of  the  beds,  or  of  the  pebbles  in  them,  the  best 
opportunities  are  sometimes  afforded  on  sea-coasts,  especially 
where  the  beds  may  be  nearly  horizontal,  and  well  defined,  and 
where  the  tide  may  recede  considerably  from  the  shore.  Of 
this  kind,  the  following  sketch  (fig.  249)  of  a  joint  traversing 

Fig.  249. 


ONC  root 


a  remarkable  conglomerate  amid  the  mountain  limestone  series 
on  the  coast,  near  Skerries,  county  Dublin,  the  pebbles  being 
of  considerable  size,  may  be  found  illustrative.  ITie  surfaces 
of  the  divided  pebbles,  composed  of  portions  of  Cambrian  rocks, 
probably  derived  from  masses  of  them  still  in  part  remaining  m 
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tile  Tidnity,  are  as  smooth  as  if  no  divigiona]  plane  of  the  kind 
passed  through  them,  yet  it  is  one  not  only  cutting  through 
this  conglomerate,  but  the  momitain  limestones  with  which  it  b 
associated. 

Joints  in  limestones  are  often  of  the  most  marked  kind.  In 
many  cases  tliere  is  no  difficulty  in  distinguishing  l^e  bedding 
from  the  joints.  In  others,  however,  the  observer  will  not  find 
it  90  easy  to  determine  between  the  two  surfaces,  without  much 
care.  It  sometimes  happens,  that  the  joints  have  a  much  more 
marked  appearance  than  the  divisions  of  true  bedding.  As, 
for  example,  in  the  annexed  sketch  (fig.  250),  wherein  the  joints 

Fig.  290. 


are  prominently  shown,  one  in  particular  being  somewhat 
opened  at  ti,  while  the  true  bedding,  b  b,\s  more  obscure-  In 
such  cases,  the  observer  has  carefully  to  search  for  lines  of 
organic  remains,  dissimilar  beds,  or  partings  of  shale  or  other 
substances,  in  order  to  he  sure  of  the  true  bedding. 

'Die  courses  of  joints,  though  often  of  a  marked  kind,  through 
various  rocks  in  the  same  district,  and  in  the  same  general 
directioDs  for  long  distances,  as  if  the  power  producing  them 
had  been  brought  into  action  under  some  great  leading  influ- 
ence, affecting  a  great  mass  of  mineral  matter  in  that  district, 
however  modified  in  character  its  parts  may  be,  appear  not 
a  little  adjusted,  as  in  cleavage,  to  the  main  position  of  the 
component  beds,  there  being  frequently  a  tendency  in  joint 
divisions  to  take  courses  at  right  angles,  as  a  whole,  to  them. 
As  in  cleavage,  also,  divisions  resembling  jointing,  so  far 
as  their   distance   from  each  other   is  concerned,   appear  to 
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run  through  certain  beds  of  a  general  accumulation  more 
abundantly  than  in  others.  Of  this  kind,  the  divisions  through 
parts  of  the  shales  of  the  lias  near  Lyme  Regis  may  be  taken*  as 
an  example.  TTiough  joints  are  not  there  observed  in  the 
mass  of  the  argillaceous  limestones  composing  that  depodt,  in 
certain  beds  of  shales,  on  the  vrest  of  the  town,  divisions^ 
perpendicular  to  the  beds,  may  be  seen  to  run  like  so  many 
planks  on  a  floor,  stretching  as  far  as  the  beds  are  exposed 
at  low  water. 

As  there  appears  little  reason  to  doubt  that  joints,  like 
cleavage,  have  been  formed,  under  suitable  conditions,  at 
different  geological  times,  and  as  these  cleaved  or  jointed  rocks 
may  readily  have  been  moved  after  they  were  divided  in  this 
manner,  it  would  be  expected  that,  sometimes,  the  position  of  the 
one  and  the  other,  as  regards  their  direction  vtrith  the  horizon, 
is  not  that  in  which  either  the  cleavage  or  jointing  was  efiected. 
Cleaved  and  jointed  rocks  are  sometimes  found  in  positions  to 
render  such  subsequent  movements  probable.  For  example, 
th(3  old  red  sandstone  series  of  southern  Ireland  reposes  upon 
Silurian  rocks  cleaved,  if  they  were  not  also  jointed,  prior  to 
the  accumulation  of  the  former,  and  the  same  series  is  also 
traversed  by  similar  divisions.  Upon  studying  that  portion 
of  Ireland,  the  observer  finds  that  the  old  red  sandstone, 
with  also  the  carboniferous  or  mountain  limestone  series,  resting 
upon  it,  has  been  also  disturbed  since  its  deposit ;  hence,  the 
lower  rocks  having  been  again  moved  to  permit  the  rolling  and 
bending  of  the  great  mass  of  matter  resting  upon  them,  their 
original  planes  of  cleavage,  if  not  of  joints  also,  can  scarcely  be 
in  their  original  position.  The  probability  of  such  movements 
may,  therefore,  somewhat  interfere  with  first  views  as  to  the 
original  position  of  cleavage  and  joints,  and  the  geologist 
should  bear  in  mind,  that  the  movement  of  a  body  of  rock, 
divided  in  this  manner,  into  flexures,  might  be  accompanied 
by  the  friction  of  some  of  the  surfaces  of  the  divisional  planes 
upon  each  other,  thus  embarrassing  his  researches  into  the 
original  condition  of  such  surfaces.  Movements  of  this  kind 
may  give  an  uncertainty  to  the  slightly-inclined  planes  of 
joints  which  are  sometimes  found,  though  there  is,  as  yet,  no 
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evideace  to  show  that  joiots  have  originated  in  a  manner  to 
render  divisions  in  the  mineral  matter  improbable  at  these 
angles  with  the  horizon.  Snch  planes  of  joints  require  to  be 
well  distinguished  from  those  of  true  beds,  which  they  often 
much  resemble,  as,  for  example,  in  the  following  section 
(Kg.  251),  where  a  mass  of  argillaceous  matter,  originally  a 
Fig.  251. 


thick  accnmulatioD  of  clay  or  mud,  though  now  consolidated 
into  hard  rock,  shows  joint  lines,  a  a  a,  and  sections  of  the 
planes  of  cleavage,  b  b. 

Occasionally,  the  division  of  an  original  depodt  of  clay  or 
alt,  by  cleavage  and  joints,  becomes  most  complicated,  re- 
qnirii^  no  slight  care  on  the  part  of  an  observer  to  arrive  at 
the  surfaces  of  the  true  beds,  more  especially  when  organic 
remains  are  absent,  and  the  mineral  matter  is  of  a  common 
character  throughout.  Of  this  kind  of  complication,  the  follow- 
ing sketch  (fig.  252)  of  a  quarry  at  Brewer's  Hill,  county 
Pig.  S93. 
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WickloW)  may  be  useful  as  an  illustration.  The  true  bed- 
ding is  a  plane,  fadng  the  reader,  while  there  are  divisional 
planes  ranging  in  the  direction  a  a,  in  tiiat  of  b  b^  and  in  that 
of  c  c. 

Bending^  Cantortunij  and  Fracture  of  Bocks. — Though  it 
'  has  been  necessary  to  allude  to  the  disturbance  of  rarious 
accumulations,  as  well  igneous  as  those  formed  by  means 
of  water,  while  noticing  rocks  of  different  kinds  which  have 
been  more  or  less  moved  after  their  deposit  or  intrusion, 
it  may  be  desirable  to  call  attention  to  this  subject  as 
one  which  may  also  be  conveniently  considered  by  itself. 
It  will  have  been  seen,  when  pointing  out  the  intrusion  of 
igneous  rocks,  that  the  disturbance  of  mineral  matter  accumu- 
lated at  one  geological  period,  while  the  deposits  of  another 
were  comparatively  unmoved,  assisted  in  afibrding  evidence 
of  the  relative  time  when  the  igneous  rock  may  have  been 
elevated  in  a  molten  state  from  beneath  (p.  648) ;  and 
also  that  the  arrangement  of  conglomerates  and  sandstones 
against  or  around  beds  of  prior-formed  disturbed  rocks  was 
useful  in  showing  the  probability  of  ancient  dry  lands  having 
occurred  in  particular  situations,  edged  by  beaches  and  coast 
cUfls,  (p.  548). 

Though  mountains  by  no  means  present  us  with  the  only 
means  of  studying  the  bending,  contortion,  and  fracture  of 
rocks  on  the  large  scale,  they  become  important  from  the 
masses  of  matter  raised  in  them  comparatively  high  into  the 
atmosphere  and  sometimes  continuous  for  considerable  dis- 
tances, the  frequent  adjustments  of  lower  grounds  to  them,  and 
the  opportunities  afforded  for  obtaining  illustrative  sections  in 
various  planes.  A  glance  at  any  artificial  globe  of  fair 
dimensions  will  be  sufficient  to  show  the  ranges  or  chains^  as 
they  have  been  termed,  of  those  mountains  which  constitute 
marked  ridges  upon  the  surface  of  the  earth.  With  such  a 
globe  before  him,  and  bearing  in  mind  the  heights  of  the 
various  ranges  or  chains  of  mountains  as  compared  with  the 
diameter  of  our  planet,  an  observer  may,  probably,  be  led  to 
nfer  that,  however  elevated  and  important  these  may  be  con- 
idered  by  tiiose  wandering  amid  their  depressions,  or  striving 
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el- 


\ 


Fig.  253,  to  ascend  their  heights,  viewed  as  ridges  on 

;  the  surface  of  the  earth,  they  constitute 
very  minor  protrusions,  interfering  little 
with  the  general  form  of  the  world.  It  is 
somewhat  important,  in  searching  for  facts 
illustrative  of  the  production  of  moun- 
tains, that  their  relative  proportion  to  the 
volume  and  diameter  of  the  earth  should 
not  be  neglected.  If,  in  tiie  annexed  dia- 
gram (fig.  253),  a,  i,  e,  represent  a  section 
of  a  portion  of  our  planet,  from  its  surface 
a,  (,  to  its  centre  e;  the  thick  line,  a,  6, 
would  be  the  elevation  of  even  the  highest 
mountains  as  compared  with  the  radius  of 
the  earth.  Hence  it  is  not  difficult  to  con- 
ceive that  the  rending  of  any  portion  of 
consolidated  or  partly  consolidated  mineral 
matter,  distributed  in  various  ways  over  the 
surface,  a,  i,  and  the  sbueezing  of  the  sides 
of  these  rents  or  fissures  against  each  other, 
(with  or  without  the  propulsion  upwards  of 
any  molten  substances  amid  interstices  in 
the  squeezed  masses  of  consolidated  or 
partly-consolidated  mineral  matter,)  would 
present  ridges  of  varied  forms  more  or  less 
corresponding  with  the  lines  of  the  fissures; 
It  has  been  seen  that  igneous  rocks  have 
been  ejected  in  various  ways,  that  mineral 
matter  worn  from  them  by  the  action  of  the 
sea  and  atmospheric  influences,  or  obtained 
in  solutions,  has  been  spread  over  differ- 
entiy-sized  areas,  that  these  have  some* 
times  moved  up  and  down  as  regards  the 
surface  of  the  ocean,  and  that,  considering 
rocks  to  have  met  with  more  elevated  tem- 
peratures when  depressed,  (particularly 
when  covered  by  superadded  mineral  matter 
above,)  than  when  raised  into  tlie  atmo- 
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sphere,  modifications  ha?e  been  effected  in  the  arrangement  of 
their  component  parts.  Bearing  all  this  well  in  mind,  and  giving 
considerable  latitude  to  views  of  the  thickness  of  the  earth's 
surface  which  may  thus  have  been  moved,  if  we  assume  this  thick- 
ness to  extend  in  depth  even  to  100  miles  (a  Cy  b  d^  fig.  253),  we 
merely  arrive  at  the  relative  proportion  of  volume  and  thickness 
of  the  exterior  of  our  planet  shown  in  the  accompanying  diagram 
(fig.  254,)  wherein  the  depth  of  the  100  miles  is  represented  by 
the  thick  line  forming  the  circle. 

Fig.  254. 


Having  prepared  himself  by  this  general  view  of  the  relative 
importance  of  the  volume  and  diameter  of  the  earth  and  of  the 
mountain  ridges  on  its  surface,  the  observer  will  probably  feel 
also  disposed  to  regard  the  contortions  and  fractures  of  various 
rocks  which  he  may  discover  in  such  ridges  with  reference  to 
some  cause  acting  generally  over  the  surface  of  our  planet, 
since   he   finds  marked    mountain   ranges    in   all    extensive 
areas  of  dry  land.     If,  upon  further  investigation,  he  obtains 
evidence  as  he  will  not  fail  to  do,  that  all  mountain  ranges 
have  not  been  elevated  to  their  present  positions  contempora- 
neously, the  deposits  of  particular  geological  periods  resting 
ipon  prior-formed  and  disturbed  beds  in  some,  while  in  others 
|uivalents,  in  geological  time,  to  these  unmoved  deposits  are 
lemselves    disturbed    and  broken,  even,  perhaps,  covered 
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tranquilly  by  subsequently-formed  beds,  he  may  be  induced  to 
conclude  that  whatever  the  cause  of  mountain  ranges,  it  may 
have  continued  in  action  during  a  long  lapse  of  geological  . 
time,  and  may  still  exist.* 

Upon  connecting  the  form,  volume,  and  diameter  of  the 
earth  with  the  relative  proportion  of  the  volume  and  height  of 
mountain  ranges,  such  as  tbose  of  the  Alps,  Andes,  and  Hima- 
laya, it  may  suggest  itself  to  the  observer  to  consider  how  far 
some  general  cause  for  these  comparatively  trifling  ridges  and 
rugosities,  little  interfering  with  the  even  character  of  the 
surface  of  the  world,  may  not  have  followed  some  change  in  the 
volume  of  the  earth  itself.    Should  he  try  the  hypothesis  of  a 

*  The  following  section  (fig.  255)  may  probably  be  useful  in  showing  the 
relative  age  of  disturbed  beds  of  rock  in  mountain  ranges.  If  the  rocks,  a  a, 
are  found  resting  quietly  on  the  upturned  strata,  5  5,  it  is  inferred  that  h  h 

Fig.  253. 


he  b 

have  been  disturbed  prior  to  the  accumulation  of  a  a;  and,  consequently,  if 
a  a  be  a  known  rock  in  the  geological  series,  a  relative  date  is  obtained  for  the 
movement  of  the  beds  6  6,  so  £ir  as  relates  to  a  a.  If  it  should  so  happen  that 
there  are  no  commonly  known  deposits  absent  between  them,  the  approximate 
relative  date  of  the  uplifting  of  6  6  is  obtained.  Should  it  also  occur,  in  any 
range  of  mountuns  or  disturbed  country,  that  other  accumulations,  c,  are,  in 
like  manner,  so  placed  relatively  to  the  deposits  b  b,  that  another  and  anterior 
movement  of  rocks  can  be  inferred,  then,  in  such  range  of  mountains  or  dis- 
turbed district,  there  would  have  been  two  distinct  movements,  one  prior  to 
the  production  of  6  6,  the  other  anterior  to  the  accumulation  of  a  a.  In  the 
case  of  beds  covering  contortions,  it  becomes  very  needful  carefully  to  observe 
them  sufficiently  on  the  large  scale.  For  example,  let  beds  a  a,  in  the  annexed 
section  (fig.  256),  repose  quietly  on  the  contorted  strata  6  b,  and  let  the  only 

•     Fig.  256. 


^m 


b  c  b 

portion  exposed  to  view  be  where  they  are  cut  by  the  line  c ;  then  all  the 
beds  would  appear  undisturbed,  and  it  would  be  only  by  moving  to  the  right 
or  left,  and  where  the  disturbed  strata  beneath  might  chance  to  be  fkirly  ex- 
posed, that  the  real  mode  of  occurrence  may  be  found.  This  is  by  no  means 
so  needless  a  caution  as  might,  at  first  sight,  be  supposed,  particularly  when  the 
bends  and  contortions  are  upon  the  large  scale.    While  on  this  subject  it  may 
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spheroid,  SQch  ae  tbat  of  the  earth,  lo^g  heat  by  radiation  into 
gurrouDdiog  space,  by  wbi(^  a  given  volume  of  matter  parted 
gradually  with  its  temp»%ture,  one  sufficient  at  first  to 
keep  the  whole  in  a  liquid  state,  perhaps  he  might  be  led 
to  infer  that  an  oxidised  and  comparadvely  cooled  saperBcnal 
cbvering  of  Boliditied  imneral  matter,  having  a  prevuling 
crystalline  arrangement  oi  parts,  especially  in  its  lower  portion, 
might  be  brought  under  condilioas  by  which  it  would  have  to 
crack  and  lidge  up,  with  various  adjostments  as  to  foldings  and 
fractures,  in  order  to  adjust  itself  to  a  mass  below,  gradually 
ceasing  to  occupy  eome  origina1ly-supp(»ting  ^ce  bcneadi  it. 
Upon  this  hypothesis,  the  oxidation  of  the  various  elementary 
substances  constituting  the  mass  of  tbe  mineral  matter  known 

be  nMful  to  notioe  the  imperrect  knowledge  of  the  dip,  or  incliution  of  beds, 
from  one  view  of  tfaem  only,  tiace  thej  uu;  eren  appear  boriiODtal,  as  in  tbe 
annexed  aketch  (fig.  357),  vhile  in  really  thej  have  been  mndt  dittarbed. 


forming  a  portion  of  •ome  bent  or  eootDrted  rocks,  m  i«  ahown  in  Iho  following 
*iew  (fig.  SSB),  ■nppoaed  that  of  the  nme  cape  on  a  coaM  (p,  in  both  flgnret) 
projecting  from  the  main  land,  a  a. 

Fig.  SSB. 
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to  US  on  the  sur&ce  of  the  globe,  has  to  be  regarded,  inasmuch 
as  such  oxidations  would  add  'to  the  yolume  of  the  elementary 
substances  on  that  surface,  and  thus  alone  aid  in  altering  the 
exact  fitting  of  a  crust  of  mineral  matter  upon  the  remaining 
portion  of  the  earth  beneath,  the  elementary  substances  in 
which  had  remained  unchanged. 

Be  this  as  it  may,  and  whatever  the  hypothesis  employed  to 
arrive  at  the  cause  of  mountain  chains,  it  appears  desirable  so 
to  examine  into  the  facts  connected  with  the  arrangement  of  the 
masses  of  mineral  matter  of  which  mountain  ranges  may  be 
composed,  that,  while  all  due  regard  be  paid  to  individual 
chains,  observation  should  also  be  directed  to  the  subject  on  the 
larger  scale.  The  earth  so  little  differs  from  a  sphere  in  form, 
that,  in  investigations  of  this  kind,  it  may  be  regarded  as  one 
composed  of  matter  upon  which  some  general  action  tending  to 
ridge  its  surface  might  also  produce  results  on  that  surface  of  a 
definite  general  kind,  supposing  forces  and  resistances,  and  all 
other  circumstances,  equal.  It  is  in  this  supposition  of  exactly 
equal  conditions  that  there  may  be  much  difficulty  with  such 
relatively  minor  volumes  of  matter  as  mountain  chains,  so  that 
even  inferring  some  constant  action,  it  may  be  so  modified  by 
circumstances  as  to  be  materially  concealed  from  observation. 
To  the  direction  of  lines  of  disturbances  on  the  earth's 
surface,  productive  of  mountain  chains,  or  otherwise,  as  may 
have  occurred,  much  attention  has  been  given  of  late  years,  in 
consequence  of  the  labours  of  M.  £lie  de  Beaumont  on  this 
subject.*  He  has  inferred  that  there  is  evidence  to  show  that, 
during  the  lapse  of  geological  time,  the  disturbances  of  the 
earth's  crust  have  been  effected  in  ^ven  directions,  at  certain 
times,  and  that  these  disturbances  have  taken  place  along 
considerable  fractions  of  the  great  circles  of  our  planet.t 
He  has  further  considered    that    there  have   been  several 


*  The  first  account  of  the  Tiews  of  M.  £lie  de  Beaumont  on  this  subject  was 
commanicated  to  the  Academy  of  Sciences  of  Paris,  in  Jane,  1829. 

t  M.  £lie  de  Beaumont  remarks,  in  a  communication  to  the  author,  in 
1831  (Geological  Manual,  1831 ),  "  Pursuing  the  subject,  as  far  as  my  means  of 
observation  and  induction  will  permit,  it  has  appeared  to  me  that  the  different 
systems  (of  mountains  and  disturbed  rocks),  at  least  those  which  are  at  the 
same  time  the  most  striking  and  recent,  are  composed  of  a  certain  number  of 
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distinct  systems  of  disturbance,  each  marked  by  a  given  direc* 
tion.  When  more  recently  describing  some  lines  of  this  kind 
which  he  considers  referable  to  certain  systems,  succeeding 
each  other  in  the  order  of  geological  time,  and  all  of  rela- 
tively ancient  geological  date,  M.  £lie  de  Beaumont  takes 
occasion  to  remark,  after  alluding  to  the  systems  of  small  arcs 
of  great  circles,  that  '^  the  fundamental  problem  presented  by 
a  like  system  of  small  arcs  observed  on  the  surface  of  the 
globe,  where  they  are  marked  by  the  crests  of  motmtains  or 
by  the  outcrop  of  beds,  consists  in  determining  the  great 
circle  of  comparison,  to  one  of  the  elements  of  which  each  of 
the  small  arcs  observed  is  parallel.""'    Thus  while  estimating 

Bmall  chaiuB,  ranged  parallel  to  the  semi-drcnmferenoe  of  the  earth's  sar&oe, 
and  oecapying  a  zone  of  much  greater  length  than  breadth ;  and  of  which  the 
length  embraces  a  considerable  fraction  of  one  of  the  great  circles  of  the 
terrestrial  sphere.  *  *  ^  The  secular  refrigeration,  that  is  to  say,  the  slow 
diffixftion  of  the  primitive  heat  to  which  the  planets  owe  their  spheroidal  fbrms, 
and  the  generally-regular  disposition  of  their  beds  from  the  centre  to  the  dr- 
camference,  in  the  order  of  specific  grayity,— the  secnlar  refrigeration,  on  the 
march  of  which  M.  Fourier  has  thrown  so  mnch  light,  does  offer  an  element  to 
which  these  extraordinary  effects  (the  elevation  of  mountain  chains)  may  be 
referred.  This  element  is  the  relation  which  a  refrigeration  so  advanced  as 
that  of  the  planetary  bodies  establishes  between  the  capacity  of  their  solid 
crusts,  and  the  volume  of  their  internal  masses.  For  a  given  time,  the  tempera- 
ture of  the  interior  of  the  planets  is  lowered  by  a  much  greater  quantity  than 
that  on  their  sur&ces,  of  which  the  refrigeration  is  now  nearly  insensible.  We 
are,  undoubtedly,  ignorant  of  the  physical  properties  of  the  matter  oompoong 
the  interior  of  these  bodies;  but  analogy  leads  ns  to  consider,  that  the  inequality 
of  cooling  above  mentioned  would  place  their  crusts  under  the  necessity  of 
continually  diminishing  their  capacities,  notwithstanding  the  nearly  rigorous 
constancy  of  their  temperature,  in  order  that  they  should  not  cease  exactly  to 
embrace  their  internal  masses  the  temperature  of  which  diminishes  sensibly. 
They  must  therefore  depart,  in  a  slight  and  progressive  manner,  from  the 
spheroidal  figure  proper  to  them,  and  corresponding  to  a  minimum  of  capacity; 
and  the  gradually-increasing  tendency  to  revert  to  that  figure,  whether  it  acts 
alone,  or  whether  it  combines  with  other  internal  causes  of  change  which  the 
planets  may  contain,  may,  with  great  probability,  completely  account  for  the 
ridges  and  protuberances  which  have  been  formed  at  intervals  on  the  external 
crust  of  the  earth,  and  probably  also  of  all  the  other  planets." 

*  «  The  small  arcs  determined  by  observation,"  continues  M.  £lie  de  Beau- 
mont (Bulletin  de  la  Soc.  G<5ologique  de  France,  t  1846-7),  <*may  be  generally 
considered  as  being  themselves  infinitely  small  secants,  or  tangents  to  so  many 
small  droles  resulting  from  the  intersection  of  the  suHkoe  of  the  sphere  with 
planes  parallel  to  the  great  circle  of  comparison,  forming  the  equator  of  the 
whole  system.  Each  of  these  small  circles  is  a  parallel  with  respect  to  the 
equator  of  the  system ;  it  has  the  same  poles  as  it,  and  these  poles  are  the  two 
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the  directions  of  disturbance  at  different  geolo^cal  times^ 
"with  reference  to  the  views  of  M.  £Iie  de  Beaumont,  the 
obseryer  would  have  to  bear  in  mind  the  great  circles  of  com- 
parison  to  which  the  directions  of  any  ranges  of  mountains  or 
masses  of  disturbed  beds  are  to  be  referred. 

In  investigations  of  this  kind,  the  geologist  has  to  consider 
not  only  any  exertion  of  force  tending  to  disrupt  portions  of 
the  earth's  surface,  acting  generally  or  partially,  but  also  the 
kind  of  resistance  offered,  one  which  may  be  materially  modi- 
fied by  any  variable  thickness  of  the  solid  matter  acted  upon, 
and  by  variations  in  the  coherence  of  portions  of  that  matter. 
As  in  all  movements  of  this  order,  differences  in  the  lines  of  least 
resistance  to  some  ^ven  force,  independently  of  those  in  that 
force  itself,  would  produce  very  marked  differences  in  the 
ranges  of  disturbed  rocks,  especially  on  the  minor  scale  ;  and 
in  researches  of  this  kind  it  may  not  be  easy  always  to  esti- 
mate very  correctly  the  value  of  a  so-called  minor  scale.  If 
an  observer,  aware  of  the  general  geological  structure  of  the 
British  Islands,  and  of  a  few  thousand  square  miles  of  the 

points  where  all  the  great  circles  perpendicular  to  the  small  arcs,  constituting 
the  system  of  parallel  traces  determined  by  observation,  intersect. 

**  The  problem  arising  from  such  a  system  of  parallel  traces  observed  on  the 
surface  of  the  globe  consists  in  determining  these  two  poles,  or,  which  amounts 
to  the  same  thing,  its  equator,  t.e.,  the  great  circle  of  comparison  to  which 
each  of  the  small  arcs  observed  may  be  considered  as  parallel.  This  deter- 
mination,'* observes  M.  £lie  de  Beaumont,  **  would  be  easy,  and  might  be  made 
after  two,  or  at  least  a  few  observations,  if  the  condition  of  parallelism  were 
rigorously  satisfied:  since,  however,  this  in  general  is  but  approximately 
accomplished,  the  determination  of  the  great  circle  of  comparison  can  only 
follow  from  the  means  of  numerous  .observations,  well  combined  with  each 
other ;  and  thus,  while  the  observations  are  not  very  multiplied  or  spread  over 
a  wide  space,  we  can  only  advance  tolrards  this  determination  by  successive 
approximations." 

As  it  would  be  quite  impossible  to  present  a  correct  view  of  the  different 
systems  of  disturbance,  without  the  needful  tables  and  calculations  on  which  he 
has  founded  them,  and  which  would  be  here  out  of  place ;  and  as  it  would 
moreover  be  extremely  difficult  satisfactorily  to  abridge  the  very  condensed 
statements  of  M.  fAie  de  Beaumont,  we  would  refer  the  geological  observer  to 
his  memoir  in  the  "  Dictionnaire  Universelle  d'Histoire  Naturelle,"  t.  xii.,  p.  167, 
for  his  most  extended  and  recent  general  memoir  on  this  subject,  one  which, 
it  is  understood,  will.be  treated  still  more  at  large,  and  ap  to  the  present  time* 
in  a  work  now  preparing  by  M.  £lie  de  Beaumont,  and  devoted  to  his  views 
respecting  the  great  disturbances  on  the  earth*s  sur&ce,  produced  at  distinct 
geological  times. 
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adjoining  portion  of  the  continent  of  Europe,  and  duly  weighing 
the  probability  of  the  mode  of  occurrence  of  the  different  rocks 
to  a  depth  not  extending  to  eyen  more  than  three  or  four 
miles,  supposes  this  mass  of  variably-accumulated  mattter  to 
be  ridged,  squeezed,  and  contorted  by  a  force  acting  in  some 
given  direction,  so  as  to  produce  a  lofty  chain  of  mountains 
like  the  Alps  or  the  Himalaya,  he  would  expect  that  very 
material  minor  modifications  are  not  unlikely  to  be  produced 
in  the  direction  of  the  various  parts,  foid  even  that  these  might 
extend  and  interfere  with  the  direction  of  the  range  itselC  If 
the  great  masses  of  igneous  rocks,  such  as  the  granites  of 
various  parts  of  the  area  mentioned,  are  to  be  inferred  as,  so 
to  speak,  anchored  somewhat  firmly  beneath,  a  crush  acting 
upon  them  and  the  detrital  accumulations  by  which  they  may 
be  surrounded  superficially,  or  be  covered  by,  to  various 
depths,  would  be  expected  to  be  marked  by  an  arrangement 
of  the  mineral  matter  in  accordance  with  its  different  coherence, 
form,  and  thickness. 

As  during  the  progress  of  geological  time  so  much  of  the 
earth's  surface,  formed  of  either  igneous  products  or  strewed 
over  with  detrital  or  chemically-deposited  matter  of  various 
kinds,  as  also  with  the  remeuns  of  animal  and  vegetable  life, 
has  been  covered  by  more  modem  accumulations  of  the  like 
kind,  even  now,  over  wide-spread  areas,  concealing  them,  it 
becomes  no  easy  task  for  the  geologist  to  picture  to  himself 
the  surface  conditions  of  our  planet  at  given  periods,  so  that 
the  disturbed  and  undisturbed  portions  may  be  duly  estimated. 
This  becomes  the  more  difficult  as  his  investigations  extend  to 
the  earlier  periods,  since  not  only  may  so  much  of  the  then 
surfaces  of  the  earth  be  now  buried  beneath  more  modem 
accumulations,  but  even  the  ridging  of  such  surfaces,  con- 
stituting mountains,  may  have  been  obliterated  by  that 
action  of  the  sea  and  atmospheric  influences  to  which  the  term 
denudation  has  been  applied.  Looking  at  these  sources  of  the 
removal  of  mineral  matter,  and  for  the  moment  inferring  all 
other  conditions  to  be  equal,  the  older  a  range  of  mountains 
the  less  should  we  expect  the  remains  of  it ;  and  conversely, 
the  more  modem  the  range  the  more  should  we  expect  to  find 
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it  unaltered  in  its  form  and  general  character.  Here  at  once 
the  differences  in  the  other  conditions  present  themselves. 
Contemporaneously-produced  ranges  of  mountains,  and  even 
portions  of  them,  may  have  been  acted  upon  very  variously. 
One  range,  or  part  of  it,  in  some  given  area,  might  remain  as 
when  thrust  into  the  atmosphere,  modified  only  by  the  in- 
fluences to  which  it  has  been  therein  exposed,  while  in  another 
area,  or  part  of  one,  the  land  may  have  been  depressed  beneath 
and  raised  above  the  sea  level,  even  several  times,  with  the 
attendant  consequences  of  either  new  coverings  or  the  removal 
of  mineral  matter  thence  arising. 

Fortunately  in  Europe  and  America  large  tracts  are  found, 
where  the  beds  of  the  older  fossiliferous  rocks  still  occupy 
positions  not  very  different  from  those  of  their  accumulation, 
and  wide-spread  areas  have  changed  their  relative  levels,  as 
regards  that  of  the  sea,  so  in  mass,  that  these  old  sea-bottoms 
became  large  portions  of  dry  land,  without  the  folding  and 
crushing  of  their  component  beds.  Other  conaderable  areas  of 
like  kinds  may  probably  be  detected  when  extended,  and  as  yet 
little  explored  regions  become  better  known.  Be  that  as  it 
may,  these  old  undisturbed  portions  of  the  world's  surface 
become  important,  from  pointing  out  those  portions  of  it  which 
have  escaped  the  ridging,  squeezing,  aqd  contortions  to  be 
found  in  many  other  localities.  If  we  could  obtain  such  some- 
what widely  dispersed,  they  would  aid  considerably  in  separat- 
ing the  undisturbed  from  the  disturbed  portions  of  the  earth's 
crust,  so  far  as  regards  the  squeezing  or  contortion  of  them, 
though  not,  as  is  obvious,  those  which  may  have  been  lifted  and 
let  down  bodily  in  a  horizontal  or  nearly  horizontal  mamier. 
When  we  find,  as  in  the  great  north  and  south  range  of  the 
Ural  mountains,  these  same  accumulations  squeezed  and  dis- 
turbed as  a  whole,  and  in  a  marked  line,  and  the  relative  date 
of  this  disturbance  can  be  approximately  inferred,  as  has  been 
done  by  Sir  Roderick  Murchison  and  his  colleagues.  Count 
Keyserling  and  M.  de  Yemeuil,*  the  geologist  obtains  a  know- 
ledge, not  only  of  the  time  up  to  which  these  portions  of  the 
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earth's  surface  may  have  remained  without  such  disturbance, 
but  also  of  the  direction  of  the  line  or  lines  along  which  it  was 
effected. 

The  mountain  ranges  of  the  world  occurring  in  so  many 
parts  of  its  surface,  seem  all  marked  by  evidence  of  the 
squeezing  and  contortion  of  the  different  accumulations  dis 
turbed,  as  far  as  researches  have  yet  extended.  While  some 
show  igneous  matter  to  have  risen  up  in  somewhat  considerable 
abundance,  and  apparently  when  these  disturbances  were 
effected,  it  is  not  discovered  so  commonly  in  others.  This 
may  merely  depend,  all  other  things  being  equal,  upon  the 
amount  of  mineral  matter  of  another  character  which  has  been 
removed,  or  upon  that  matter  having  been  so  adjusted  as  to 
conceal  them.  Much  caution  is  therefore  needed  when  an 
observer  may  be  engaged  in  this  kind  of  inquiry.  Thus,  in 
some  granitic  ranges,  such,  for  example,  as  those  above  noticed 
(p.  658)  in  South-western  England  and  South-eastern  Ireland, 
we  may  only  have  the  remains  of  former  chains  of  mountains. 

To  obtain  very  close  approximations  in  ranges  of  mountains, 
to  the  amount  of  folding,  contortion,  or  fracture  of  the  various 
rocks  acted'' upon  in  the  manner  mentioned,  sections  should 
be  formed  proportionally  representing  these  circumstances. 
Usually,  however,  no  great  exactitude  is  attempted,  so  that 
sections  of  mountain  districts  merely  afford  very  general  views 
on  the  subject.  Even  these,  nevertheless,  are  sufficient  to  show 
the  great  lateral  pressure  to  which  the  whole,  abstracting  any 
igneous  rocks,  (apparently  introduced  during  the  time  or  times 
of  such  disturbing  action,)  has  been  commonly  subjected.  The 
observer  often  finds  that  when  following  some  given  series  of 
beds,  presenting  characters  sufficiently  marked  for  the  purpose, 
and  duly  weighing  the  evidence  as  to  gaps,  due  to  the  openings 
from  fractures,  that  if  such  contorted  beds  could  be  again  laid 
out  flat,  as  when  deposited,  they  would  have  to  be  spread  over 
a  greater  superficial  area  than  they  now  occupy.  Thus,  if  in 
the  annexed  section  (fig.  259),  the  curved  and  contorted  line 
represents  the  foldings  and  contortions  of  a  given  series  of  beds, 
c,  by  on  the  flank  of  some  mountain  chain,  such  as  the  Alps, 
and,  allowing  for  fractures  and  portions  removed,  if  that  line 


EVIDENCE  OF  LATERAL  PRESSURE  IN  MOUNTAINS.    737 

be  reduced  to  a  straight  one,  a,  i,  it  will  be  erident,  that  a 
lateral  extension  to  the  amount  of  the  distance  a,  d,  will  be 

Fig.  259. 
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required  for  the  return  of  these  beds  to  their  original  position, 
supposing^  for  illustration,  the  point  b  to  have  remained  firm.  In 
like  manner,  if  instead  of  one  flank  only  of  a  range  of  moun- 
tains, thus  exhibiting  a  folding  and  contortion  of  its  beds,  both 
flanks  do  so,  and  a  section  across  the  whole  range  shows  these 
to  be  of  the  kind  represented  beneath  (fig.  260),  then  the  line 

Fig.  2G0. 


,^-^,^;-     ;//^6^y^..- 


a. 


c  rf,  would  represent  the  distance  required  for  the  flattening  of 
the  folded  and  contorted  beds,  instead  of  that  of  a  &,  giving  the 
distance  now  occupied  by  them.  If  the  points  a  and  b  be 
inferred  to  have  remained  relatively  firm,  as  respects  distances 
outside  them,  then  there  has  been  a  diminution  in  the  distance 
between  them,  equal  to  c  a  +  b  d^  the  beds  previously  occu- 
pying the  distance  c  d,  being  so  folded  and  bent  as  not  to 
extend  beyond  a  b.  Hence,  also,  a  motion  from  c  to  a,  and  from 
J  to  &  is  inferred,  and  supposing  the  substances  of  tliese  beds 
sufficiently  yielding,  this  might  be  accomplished  without  a 
break  at/.  Considering  breaks  to  have  been  formed  at  the  chief 
bends,  as  at  o,  o,  o,  o,  the  distances  for  the  relative  movement 
c  a,  and  b  d^  may  be  somewhat  altered,  fractures  of  the  kind 
represented  in  fig.  261,  (p.  738,)  being  to  be  taken  into  account, 
c  being  a  line  of  fraclure  along  which  the  beds  a  are  considered 
to  have  slid  to  b. 

A  diminution  of  the  area  previously  occupied  by  these  folded 
and  contorted  beds  having  been  thus  effected,  the  -observer  has 
to  see  whether  on  the  one  side  of  a  mountain  chain  or  the 
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other,  or  on  both,  there  may  be  any  evidence  in  &Tour  of 
lateral  pressure  acting  from  without  inwards,  or  if  there  may 

Fig.  S61. 
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appear  any  in  favour  of  a  great  fissure  or  fissures,  in  the  ranges 
of  the  mountains  themselves,  against  the  sides  of  which  the 
rocks  moved,  and  had  adjusted  themselves  according  to  the 
action  of  gravity,  and  the  lateral  thrust  upon  yielding  mate- 
rials outwards.  The  usual  impression  left,  by  even  the  general 
sections  given  of  ranges  of  moimtains,  such,  for  example,  as 
those  of  the  Alps,  is,  that  there  has  been  an  elevation  of  their 
component  rocks  in  the  direction  of  these  main  ranges,  and 
that  they  have  adjusted  themselves  laterally  to  meet  the  force 
of  gravity  acting  vertically  upon  the  upraised  mass.*  Inferring 

*  Respecting  the  folding  of  beds  by  Tertical  and  lateral  pressare,  Sir  James 
Hall,  as  long  since  as  1813  (Transactions  of  the  Royal  Society  of  Edinburgh, 
vol.  Tii.y  p.  86),  showed  that  this  oonld  easily  be  imitated  artificiaUy  by  taking 
various  pieces  of  doth,  placing  them  horiiontally  on  some  table^  c  (fig.  862), 


c 

prwsing  them  downwards  by  a  weight,  c,  acting  parallel  to  the  plane  of  the 
teble  beneath,  and  by  applying  force  laterally,  6,  h.  In  experiments  of  this 
kind.  It  IS  nol,  however,  necessary  to  have  the  tc^  weight,  a,  once  if  the  doth 
be  m  proper  quantity,  itB  gravity  alone  will  be  snffident  to  produce  the  contor- 
tions, and  a  more  exact  resemblance  to  nature  be  obtained.  By  moringonly  one 
side,  or  boA,  as  thought  desirable,  a  very  interesting  iUustration  of  the  cootoi^ 
tionsofbedsmay  thus  be  easily  seen. 
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the  needful  pressure,  it  would  be  expected,  that  molten  matter 
beneath  the  masses  moved^  would  be  ready  to  enter  amid  any 
openings  effected,  as  far  as  that  pressure  permitted,  this 
intruded  matter  tending  to  brace  much  of  the  fractured  beds 
together,  upon  cooling.  An  intrusion  of  such  molten  rocks 
might,  therefore,  be  among  the  consequences  of  the  action  pro- 
ducing the  elevation  of  the  mountain  range,  and  be  more  or 
less  important,  according  to  circumstances. 

Geologists  are  indebted  to  the  Professors  Rogers  for  observ- 
ations on  an  extensive  district  in  North  America,  one  of  about 
195,000  square  miles,  which  have  led  them  to  point  out  an 
arrangement  of  the  bends  and  foldings  of  disturbed  rocks  in 
accordance  with  the  distance  from  the  application  of  force.  A 
careful  examination  of  the  Appalachian  zone,  as  they  term  that 
region,  showed  that  it  is  marked  by  five  great  belts,  which« 
when  crossed  from  south-east  to  north-west,  exhibit  the 
greater  flexures  in  the  first  belt,  or  that  on  the  south-east  of 
the  Blue  Ridge  or  Green  Mountain  Chain.  The  component 
beds  of  the  belt  are  doubled  into  enormous,  closely  compressed, 
alternate  folds,  dipping  almost  exclusively  to  the  south-east  at 
angles  varying  from  45°  to  70\  In  the  third  belt,  the  beds 
are  less  compressed,  the  northern  side  of  each  anticlinal  curve* 
approaching  nearly  to  verticality.  In  the  fourth  belt,  that  of 
the  central  Appalachians  of  Pennsylvania,  Virginia,  and  Tenes- 
see,  the  convex  and  concave  flexures  progressively  expand,  the 
steepness  of  the  north-west  side  of  each  anticlinal  gradually 
diminishing.  In  the  fifth  belt,  tliat  of  the  coal  region  of  the 
Alleghany  and  Cumberland  Mountains,  the  curves  dilate, 
and  subside  into  broad  symmetrical  imdulations  with  gentle 
dips.     The  folds  and  undulations  of  the  beds  occur  in  groups, 

*  In    a  Tertical  section  of  rocks,  of  "which  the  foUowing  line  h,  c  (fig.  268) 

Fig.  263.  ^ 


represents  the  bends  from  pressure,  o,  a,  a,  voald  be  the  anticlinal,  and  $, «, « 
the  synclinal  curves. 
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the  several  axes  being  very  nearly  parallel  and  similar  in  the 
character  of  flexures,  many  of  the  larger  anticlinals  having  a 
length  of  80  or  100  miles.*  With  respect  to  dblocations  of 
these  beds,  two  systems  are  noticed,  one  of  short  iractures 
nearly  perpendicular  to  the  range  of  the  anticlinals,  the  other 
ranging  with  them,  and  often  of  considerable  amount.  The 
longitudinal  dislocations  (and  some  in  Virginia  have  a  length 
exceeding  100  miles)  are  inferred  to  be  broken  flexures,  the 
fracture  almost  invariably  occurring  on  the  north-western  or 
inverted  sides  of  the  anticlinals,  and  having  a  moderately  steep 
south-eastern  dip.  Some  of  these  great  fractures  have  thrown 
the  portions  of  once  continuous  beds  not  less  than  8000  feet 
asunder,  measured  perpendicularly  to  the  surfaces  of  the  strata. 
After  an  examination  of  the  disturbed  rocks  of  the  Alps,  Jura, 
and  of  the  district  of  the  more  ancient  fossiliferous  rocks  of  the 
Rhine,  Professor  H.  Rogers  considers  that  in  these  localities 
(]ilso  the  like  flexures  and  plications  are  observable. f 

To  produce  a  system  of  flexures  and  plications,  such  as  that 
described  by  the  Professors  Rogers  as  occurring  in  North 
America,  would  not  only  seem  to  require  great  lateral  pressure, 

*  As  regards  the  distances  of  the  contiguous  great  folds,  they  are  stated  to 
be  less  than  one  mile  in  the  south-eastern  belt,  in  the  central  belt  between  one 
and  two  miles,  and  in  the  north-western  belt  the  flexures  have  an  amplitude  of 
fh>m  five  to  ten  miles. 

t  Upon  examining  the  Devonian  rocks  of  the  Rhine,  Prof.  H.  Rogers  in- 
ferred, that  the  entire  region  composed  of  these  and  the  carboniferous  series 
exhibits  the  effects  of  the  laws  of  flexure  and  plication  found  in  the  Appala- 
chians, and  he  points  to  a  section  from  south-east  to  north-west,  either  through 
the  Tauuus  to  Westphalia,  or  by  the  Rhine  from  Bingen  to  Remagen,  or  from 
the  Hundsruck  to  the  coal  region  of  Li^ge,  as  showing  an  almost  uniyeRal 
south-eastern  dip,  resulting  from  the  close  oblique  folds  with  steep  or  inyerted 
dips  to  the  north-west  of  each  large  anticlinal.  He  farther  remarks,  that  on 
approaching  the  northern  side  of  the  district  the  flexures  become  progressively 
more  open,  and  that  the  inequality  in  the  dip  of  the  sides  of  the  anticlinals 
diminishes,  so  that  in  this  case  also  the  force  would  appear  to  have  been  applied 
on  the  southeast.  In  the  Jura,  the  Professor  considers  the  anticlinals  to  have 
one  side  of  the  arch  more  incurved  than  the  other,  but  not  inverted,  and  that 
while  the  ridges  are  higher  next  the  great  plain  of  Switzerland,  all  the  indi- 
vidual flexures  are  steepest  towards  the  Alps.  In  the  Alps,  he  infers  the  axis- 
planes  to  dip  inwards  from  both  flanks  towards  the  central  portion,  so  that  the 
masses  are  folded  in  opposite  directions ;  the  plications  of  the  Bernese  Oberland 
dipping  south,  those  of  the  chain  of  the  St  Gothard  and  the  Simplon  towards 
the  north. 
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Fig.  264  .  but  also  a  somewhat  uniform  and  general  yielding  of 
the  various  beds  moved  during  the  whole  time  that 
the  needful  action  was  prolonged.  Had  there  been 
large  volumes  of  intermingled  or  deep-seated  masses  of 
igneous  rocks,  offering  different  resistances  to  the  force 
employed,  much  modification  in  the  resulting  flexures 
and  plications  would  be  expected,  the  softer  and  less 
consolidated  beds  being  even  occasionally  squeezed  oyer 
the  large  masses  of  the  hard  igneous  rocks.  Thus  it 
might  happen,  that  when  such  igneous  rocks  were  in 
abundance,  many  masses  being  deep-seated,  the  results 
of  an  application  offeree  along  an  extended  line  of  action 
would  be  so  modified  as  to  offer  considerable  difficulty 
in  tracing  the  yarious  flexures  and  plications  to  such 
line.  In  all  cases,  as  well  that  of  the  great  Appala- 
chian zone,  as  in  the  masses  piled  up  to  more  marked 
heights,  such  as  in  the  Alps  and  Himalaya,  a  shortening 
of  the  space  preyiously  occupied  by  the  component  beds 
appears  required  (fig.  260,  p.  737). 

Whether  the  observer  be  engaged  upon  the  exami- 
nation of  flexiu*es  or  plications  amid  ranges  of  mountains 
or  less  highly  elevated  portions  of  country,  it  is  very 
desirable  not  only  that  he  should  duly  appreciate  the 
amount  of  the  folding  and  bending  of  the  accumu- 
lations disturbed,  but  also  the  real  outline  of  the  dis- 
tricts. Without  a  proper  reference  to  this  outline, 
the  most  exaggerated  views  may  be  entertained  of  the 
importance  of  heights  and  depressions,  especially  of 
mountainous  regions,  relatively  to  their  distances ;  an 
exaggeration  very  detrimental  to  that  just  appreciation 
of  the  relative  mass  of  such  mountains  as  compared 
with  the  less  elevated  and  more  moderately  marked 
features  of  countries  amid  which  they  may  occur.  The 
accompanying  section  (fig.264)  may  serve  to  show  the 
relative  importance  of  the  eleyation  and  mass  of  the 
Alps,  from  the  Jura  to  the  central  ridge,  in  a  line 
traversing  the  lake  of  Geneva  and  the  summit  of  Mount 
Blanc,  the  ycale  being  the  same  for  heights  and  dis- 
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tances.*  In  this  section,  j  represents  the  Jura ;  g^  the  lake 
of  Geneva;  r,  the  Voirons;  m,  the  Mole;  a,  the  Ajguille  de 
Yarens ;  ft,  the  Breven ;  m  b,  the  Mount  Blanc,  and  c,  the 
Cramont 

In  certain  regions  where  the  diminution  of  an  area,  once 
occupied  by  a  given  series  of  beds,  spread  out  horizontally, 
is  effected  by  flexures  and  plications,  these  deposits  even 
crumpled  in  various  planes,  and  where  also  larger  flexures  may 
still  be  traced  amid  the  complicated  adjustment  of  particular 
portions,  considerable  masses  of  igneous  rocks,  often  granitic, 
may  be  detected.  The  chance  of  some  of  these  masses  having 
risen  in  a  molten  state  when  they  could  move  upwards  from 
the  required  pressure  upon  them,  has  been  already  noticed. 
While  the  exposure  of  certain  of  them  may  have  resulted  finom 
the  removal  of  mineral  matter  by  denudation  (p.  659),  others 
again  appear  more  to  have  occupied  some  space  against  or 
between  folded  and  contorted  beds,  into  which  they  could  freely 
enter  in  a  viscous  or  pasty  state.  The  Professors  Rogers  hare 
pointed  out  that  the  mere  injection  of  liquid  and  molten  matter 
could  scarcely  produce  the  effects  observed  in  the  disturbed 
beds  adjoining  them,  when  such  matter  is  considered  to  form 
a  portion  of  a  general  mass  of  the  same  kind  beneath. 
Whatever  the  cause  of  such  juxtapositions  of  masses  of 
igneous  matter,  they  have  to  be  properly  considered,  and  it 
is  always  desirable  to  compare  the  space  occupied  by  them 
with  that  lost  by  the  folding  and  plication  of  the  beds  disturbed, 
so  that  the  resemblance  or  difference  may  be  apparentf 
Under  any  hypothesis,  the  sliding  of  no  inconsiderable  portion 
of  mineral  matter  on  the  earth's  surface  seems  required,  and 
duly  to  appreciate  its  amount,  it  becomes  needful  to  bear  in 


*  Reduced  from  the  section  by  the  Author,  inserted  in  ''Sections  and  Views 
illustrative  of  Geological  Phenomena/'  1830. 

t  With  regard  to  large  and  wide-spread  masses  of  granite  amid  disturbed 
detrital  beds,  it  may  be  desirable  to  bear  in  mind,  that,  like  yolcanic  matter  of 
the  present  time,  these  may  themselves  be  re-heated  in  part  after  consolidation 
in  their  higher  portions,  and  after  the  first  uplifting,  when  fissures  formed  m 
the  prior  deposits  were  even  filled  with  the  then  molten  rock,  so  that  pressure 
continning  these  re-softened  portions  could  be  squeezed  up  like  the  beds  of  the 
prior-formed  deposits,  still  further  thrusting  the  latter  on  one  side. 
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mind  the  probable  proportion  of  the  original  depth  of  the  strata 
moved  to  the  breadth  of  the  surface  acted  upon.  If,  for 
example,  (some  of  the  faults  observed  where  plications  in  the 
Appalachian  zone  have  snapped,  being,  according  to  the  Pro- 
fessors Rogers,  8000  feet,)  we  take  two  miles  of  thickness  for 
the  beds  moved,  150  miles  for  their  present  breadth,  measured 
across  their  range,  and  allow  one-fifth  more  for  their  breadth 
in  their  prior  extended  form,  the  proportion  of  the  thickness 
to  the  breadth  of  the  mass  disturbed  and  more  or  less  slid 
over  some  fitting  surface  beneath  would  be  about  1  :  90. 

Of  flexures  and  plications  of  beds,  the  fossil  iferous  rocks 
of  Europe  in  many  localities  afford  excellent  examples,  and  of 
various  geological  dates.  In  the  British  Islands,  there  are 
abundant  opportunities  for  their  study,  as  well  on  the  minor  as 
the  larger  scale.  Some  of  those  in  Wales  and  parts  of  Ireland 
are  well  worthy  of  attention,  not  only  for  the  folding  of  igneous 
products  of  various  kinds  amid  the  ordinary  detrital  deposits 
with  which  they  are  associated,  but  also  for  the  apparent  adjust- 
ment of  more  yielding  to  more  resisting  rocks  to  each  other 
when  exposed  to  lateral  pressure.  Some  of  the  contortions  of  the 
coal  measures  of  South  Wales  are  of  a  very  illustrative  kind. 
As  an  example,  the  following  section  near  Tenby  (fig.  265)  may 

Fig.  265. 


e 


be  noticed,  as  the  lowest  part  of  the  rocks  shown  near  that  town 
are  tilted  over,  so  as  to  have  the  false  appearance  of  having 
been  deposited  after  those  which  they  really  support;  the 
mountain  limestone  series,  a,  appearing  to  repose  at  Tenby,  r, 
from  the  part  of  the  curve  there  visible,  upon  the  coal  measures. 
Certain  lower  beds  of  this  limestone  series  are  brought  up,  by  a 
bend  of  the  strata,  at  b.  c,  c,  c,  represent  various  shales  and 
sandstones  of  the  coal  measures.  There  are  dislocations,  or 
faults,  at  /  f,  and  to  i?  is  Waterwinch,  on  the  northward  of 
Tenby.  A  still  more  considerable  apparent  inversion,  from 
the  same  reason,  is  to  be  seen  on  the  shores  of  part  of  Mil- 
ford  Haven  (Laugum  Ferry),  at  a  few  miles  westward  fron 
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TtiDby,  where  old  red  sandstone  rests  inclined  on  moimtain 
or  carboniferous   limestone,   and    this   again   upon   the   coal 


Id  movements  of  this  kind,  eren  disturbances  in  the  arrange- 
ment of  the  component  parts  of  the  beds  themselves  would  be 
expected  according  to  then-  relative  positionB,  and  that  of  such 
component  parts.  Thus,  with  an  interstratification  of  sand  and 
mud,  slightly,  if  at  all,  consolidated,  if  a  squeezing  lateral 
motion  be  applied  to  these  beds  collectively,  tliey  would  yield 
relatively  to  their  respective  resistances.  Of  this  class  the 
minor  contortjon  of  the  component  parts  of  some  sandstones 
interstratified  with  shale  beds,  of  the  older  fossiliferous  rocks  at 
Eewly  Bay,  Wat«rford  Harbour,  as  shown  in  the  accom- 
panying section  (fig.  266),  may  be  taken  as  an  example.  The 
Fig.  266. 


minor  portions  of  the  sandstone  beds,  a,  a,  a,  a,  are  there  seen 
contorted,  as  in  dbturbed  masses  of  rock  on  the  large  scale, 
while  the  shale  b,  b,  b,  (formerly  mud)  has  slid  and  adjusted 
itself  in  a  less  marked  manner,  though  its  particles  may  have 
been  also  moved.  The  sliding  of  more  consolidated  over  less 
hard  beds  the  observer  will  often  find  well  shown,  as  also 
the  marks  of  friction  produced  upon  the  adjustment  of  such 
consolidated  beds  as  could  move  upon  or  against  each  other, 
the  striation  being  often  beautifully  exhibited.  Pressure 
movements  of  this  kind  may  be  well  seen  in  Pembrokeshire 
among  the  coal  measures,  some  coal  beds  having  so  given 
way  before  the  general  force,  that  their  component  parts  have 

*  WiihrespectloiacliiDTeraioi]s.ulbe7annifficieiitljcommoiiBiiiidseriea 

of  beds  bearing  the  Mine  geological  ntmes,  their  occarreace  ia  ft  Mqoeuce  of 

accuinalalions  is  merely  the  wme  thing  mide  to  appear  someirhat  more  im- 

ortaDt  from  diS^reDt  nunes  being  asMgned  to  different  parti  of  the  accnmnla- 

m»  moved. 
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been  squeezed,  in  the  manner  represented  beneath  (fig.  267), 
into  the  outer  portions  of  the  flexures,  a,  a,  while  the  roofs  and 
bases  of  the  coal  beds  are  brought  into  contact  between  them. 

Fig.  267. 


Not  only  has  the  observer  to  direct  his  attention  to  the 
fracture  effected  by  the  snapping  of  plications,  when  the  rocks 
acted  upon  have  been  incapable  of  further  flexure,  as  a  mass 
or  in  part ;  but  also  to  numerous  lines  of  fracture,  sometimes 
of  considerable  length,  which  traverse  beds  and  masses  of 
rocks,  where  violent  squeezing  into  great  plications  and  flexures 
has  not  occured.  For  such  lines  of  fracture,  the  mining  term, 
favity  has  now  been  adopted.*  Sometimes,  when  even  of  con- 
siderable length,  they  are  accompanied  by  very  minor  dislo- 
cation, the  sides  of  the  fracture  nearly  corresponding ;  at  others, 
the  fracture  has  resulted  in  a  separation  of  the  beds,  perpen- 
dicular to  their  surfaces,  of  several  thousand  feet,  and  yet  the 
fracture  not  be  on  the  bend  of  a  plication.  Being  of  import- 
ance in  mining  districts,  and  mineral  veins  being  commonly  the 
filling  up  of  spaces  consequent  on  them,  the  range  of  these 
firactures  become  better  known  in  such  districts  than  they  would 
otherwise  be ;  at  the  same  time,  however,  in  numerous  other 
districts,  where  beds  of  marked  and  dissimilar  mineral  structure 
occur,  they  may  be  readily  traced.! 

The  range  of  tiiese  fractures  and  the  relative  time  of  their 
production  have  of  late  occupied  much  attention.     Their  mode 

—  .  _  -  —      -■ -        -         — 

*  A  term  derived  from  the  miners,  chiefly  those  working  coal,  who,  when 
these  dislocations  are  met  with,  often  find  themselves  at  fault,  the  amoant 
of  the  dislocation  produced  not  being  always  clear.  They  are  also  known  as 
troithlea  by  the  miners. 

t  The  geologist  will  find  faults  traced  with  great  care  in  many  of  the  maps 
of  the  Geological  Survey  of  the  United  Kingdom,  as,  for  example,  in  Sheets 
36,  37,  41,  42,  55,  56,  61,  74,  and  79  of  the  Great  J3ritain  series. 
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of  occurrence  has  especially  engaged  the  attention  of  Mr. 
Hopkins,  who  has  inyestigated  the  conditions  under  which 
directions  would  be  taken  by  fissures,  either  formed  at  the 
same  time,  or  at  periods  subsequently  to  each  other,  seeing  if 
the  anticlinal  lines  and  other  disturbances  and  dislocations  of 
rocks  may  not  be  referable  to  some  ''  widely  difiused  action  of 
some  simple  cause,  general  in  its  nature  with  respect  to  every 
part  of  the  globe,  and  general  in  its  action,  at  least  with 
respect  to  the  whole  of  each  district,  throughout  which  the 
phenomena  are  observed  to  approximate,  without  interruption, 
to  the  same  geometric  laws."*  Mr.  Hopkins  commences,  as 
to  the  action  of  an  elevating  force,  with  as  simple  an  hypo- 
thesis as  he  conceives  the  subject  will  admit  ^^  I  assume  this 
force,"  he  observes,  "  to  act  under  'portions  of  the  earth's 
crust  of  considerable  extent  at  any  asfflgnable  depth,  either  with 
uniform  intensity  at  every  point,  or  in  some  cases  with  a  some- 
what greater  intensity  at  particular  points ;  as,  for  instance,  at 
points  along  the  line  of  maximum  elevation  of  an  elevated 
range,  or  at  other  points  where  the  actual  phenomena  seem 
to  indicate  a  more  than  ordinary  energy  of  this  subterranean 
action.  1  suppose  this  elevatory  force,  whatever  may  be  its 
origin,  to  act  upon  the  lower  surface  of  the  uplifted  mass, 
through  the  medium  of  some  fluid  which  may  be  conceived  to 
be  an  elastic  vapour,  or  in  other  cases  a  mass  of  matter  in  a 
state  of  fusion  from  heat."t 

*  Hopkins,  Researches  in  Physical  Geology ;  Transactions  of  the  Cambridge 
Philosophical  Society,  toU  vi.,  part  i. 

t  "  The  first  effect  of  our  elevatory  force/'  continues  Mr.  Hopkins,  "  urill,  of 
course,  be  to  raise  the  mass  under  which  it  actR,  and  to  place  it  in  a  state  of 
exteMiorif  and,  consequently,  of  tennoru  The  increase  of  intensity  in  the 
elevatory  force  might  be  so  rapid  as  to  give  it  the  character  of  an  impulsive 
force,  in  which  case  it  would  be  impossible  to  calculate  the  dislocating  effects 
of  it."  He,  therefore,  always  assumes  "  this  intensity,  and  that  of  the  conse- 
quent tensions  to  increase  continuously,  till  the  tension  becomes  sufficient  to 
rupture  the  mass,  thus  producing  fissures  and  dislocations,*'  the  nature  and 
position  of  which  are  his  first  objects  of  investigation.  <*  These  will/*  he  pro- 
ceeds, "  depend  partly  on  the  elevatory  force,  and  partly  on  the  resistance 
opposed  to  its  action  by  the  cohesive  power  of  the  mass^  Our  hypotheses 
respecting  th^  constitution  of  the  elevated  mass  are  by  no  means  restricted  to 
that  of  perfect  homogeneity ;  on  the  contrary,  it  will  be  seen  that  its  cohesive 
power  may  vary  in  general,  according  to  any  continuous  law,  and,  moreover, 
that  this  power,  in  descending  al<mg  any  Yertical  line,  may  vary  according  to 
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After  inyestigatiDg  the  action  of  the  elevatory  force  supposed 
upon  a  thin  lamina,  and  the  direction  of  the  fissures  according 
to  various  conditions,  parallel  upon  the  single  application  of 
that  force,  Mr.  Hopkins  in  applying  his  researches*  to  a  mass 
of  three  dimensions,  deduces,  among  other  important  conclu- 
sions, that,  '^  if  the  mass  be  subjected  to  two  systems  of  parallel 
tensions  of  which  the  directions  are  perpendicular  to  each 
other,  two  systems  of  parallel  fissures  may  be  produced,  of 
which  the  directions  will  be  perpendicular  to  each  other."  "  No 
two  systems  of  parallel  fissures'*  he  infers, "  could  be  thus  formed, 
of  which  the  directions  should  not  be  perpendicular  to  each 
other."  ^^  If  the  fissures  in  either  of  these  systems  be  near  to 
each  other,  they  could  not  have  been  formed  by  such  tensions 
as  we  have  been  considering,  in  succession.  They  must  have 
been  formed  simultaneously  in  each  system.  *  One  system,  how- 
ever, might  be  formed  at  any  time  subsequently  to  the  other." 
The  modifications  produced  by  difierent  conditions  are  pointed 
out,  and  Mr.  Hopkins  remarks  upon  the  sense  in  which  the 
term  parallelism,  in  these  investigations^  should  be  regarded. 
He  observes  that,  '*  if  the  size  of  the  mass  be  comparatively 
small,  and  its  boundary  irregular,  this  property  would  alto- 
gether cease  to  characterise  the  phenomena."! 

• 

anj  disooDtinuous  Uw,  8o  that  the  truth  of  our  general  results  will  be  inde- 
pendent,  for  example,  of  any  want  of  cohesion  between  contiguous  horizontal 
beds  of  a  stratified  portion  of  the  mass.  Vertical,  or  nearly  yertical,  planes, 
however,  along  which  the  cohesion  is  much  less  than  in  the  mass  immediately 
on  either  side  of  them,  may  produce  considerable  modifications  in  the  pheno- 
mena resulting  from  the  action  of  an  elevatory  force.  The  existence  of  joints, 
for  instance,  or  planes  of  cleavage  in  the  elevated  mass,  supposing  the  regularly 
jointed  or  slaty  structure  to  prevail  in  it  previously  to  its  elevation,  might 
affect  in  a  most  important  degree  the  character  of  these  phenomena." 

*  As  it  is  out  of  place  in  a  work  of  this  kind  to  enter  sufficiently  into  the 
investigations  of  Mr.  Hopkins,  further  than  to  show  their  general  bearing, 
we  would  refer  for  the  mode  of  investigation,  and  the  manner  in  which  the 
varied  results  are  progressively  developed,  to  the  Memoirs  themselves,  as  given 
in  the  Cambridge  Philosophical  Transactions,  where  the  observer  will  find  the 
subject  fully  treated. 

t  Mr.  Hopkins  remarks,  that  **  if  we  suppose  the  superficies  of  our  elevated 
mass  to  be  of  finite  length,  and  to  be  bounded,  for  instance,  by  a  line  approxi- 
mating to  the  form  of  ao  elongated  ellipse,  the  direction  of  the  fissures  in  tb'^ 
transverse  system,  as  we  approach  towards  either  extremity  of  the  elevr 
range,  will  gradually  change  from  perpendicularity  with  the  major  axis 


748         PRODUCTION  AND  DIRECTION  OF  FISSURES. 

Reflectiiig  upon  the  modes  of  aceumuIatioD,  as  well  of 
igneous  as  of  aqueous  deposits,  and  upon  their  variable  admix- 
ture in  different  localities  and  at  different  times,  the  observer 
will  be  led  to  infer  that  homogeneity  of  structure  in  considerable 
masses  of  the  mineral  matter  distributed  over  the  earth's 
surface  would  not  very  frequently  be  found.  Bearing  this  in 
mind,  as  also  that  in  the  active  volcanic  districts  of  the  world 
there  is  evidence  of  the  varied  intensity  of  igneous  action  some- 
what irregularly  distributed  beneath  a  certain  amount  of  the 
earth's  crust,  interferences  with  fractures  of  the  regular  kind 
above  mentioned  will  probably  suggest  themselves.  Never- 
theless, it  is  highly  desirable  that  he  should  endeavour  to 
classify  the  fractures  found  so  commonly  in  various  parts  of 
the  world  with  reference  to  views  on  the  large  scale,  so  that  he 
may  look  beyond  the  details  of  some  given  locality,  and  en- 
deavour to  arrive  at  general  conclusions  as  to  the  cause  of  any 
faults  and  disturbances  of  depoats  in  it  by  following  out  their 
directions,  differences  of  date,  and  such  other  circumstances 
as  the  conditions  under  which  they  are  presented  to  his  atten- 
tion may  permit 

The  directions  of  fractures,  whether  merely  such  without  that 
movement  of  eitlier  of  their  sides  which  should  cause  them  to 
be  faults,  having  been  carefully  noted,  the  relative  geological 
dates  of  their  production  may  not  always  be  so  easy  to  ascer- 
tain. It  is  found  that  in  certain  districts,  we  may  have  several 
of  different  geological  dates,  and  yet  the  whole  be  uncovered  by 
any  deposits  of  which  the  relative  time  of  accumulation  may 
be  ascertained,  so  that  the  probable  date  of  the  whole  or  some 
of  these  faults  and  fissures  may  remain  uncertain.  Unfor- 
tunately this  uncertainty  too  often  prevails.  At  the  same  time, 
Qareful  observation   will    sometimes  enable  the   geologist  to 

axis  of  elevation)  till  they  become  parallel  to  it  at  the  extremities  of  the  eUipse, 
always  preserving  their  approximate  coincidence  with  the  directions  of  the 
lines  of  greatest  inclination  of  the  general  surface  of  the  mass.  The  fissnres  of 
the  other  system  will  be  approximately  perpendicular  to  these  lines.  In  this  case* 
then,  the  two  systems  will  be  no  longer  characterised  by  any  constant  relations 
which  their  directions  bear  to  that  of  the  axis  of  elevation,  and,  therefore,  the 
terms  longitudioal  and  transverse  will  cease  to  designate  them  so  correctly  as 
in  other  cases." 
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obtain  somewhat  fair  evidence  of  the  relative  dates  of  these 
iractures,  and  from  such  evidence  probable  inferences  as  to 
those  of  others  may  be-  occasionally  drawn.  For  example, 
there  is  evidence  of  north  and  south  fractures  having  traversed 
the  old  red  sandstone,  mountain  limestone,  and  coal  measures 
of  Somersetshire,  anterior  to  the  accumulation  of  the  new  red 
sandstone  series  of  that  district,  and  posterior  to  the  bending 
and  contortion  of  the  former  rocks,  the  faults  traversing  these 
contortions  even  at  right  angles,  and  the  older  rocks  having 
been  worn  down  after  the  fractures,  the  lowest  beds  of  the  new 
red  sandstone  series  of  that  county  reposing  tranquilly  upon 
the  faulted  and  abraded  older  rocks.  We  may  refer,  in  further 
illustration  of  this  circumstance,  to  the  geological  map  of 
the  Mendip  Hills,  previously  given  (fig.  167,  p.  552),  where 
faults,  r,  r,  r,  r,  somewhat  parallel  to  each  other,  and  having 
a  north  and  south  direction,  cut  through  old  red  sandstone  (1), 
carboniferous  limestone  (2),  and  coal  measures  (3),  so  that, 
from  an  irregular  curve  of  these  beds  having  been  traversed, 
scarcely  any  horizontal  movement  in  the  present  denuded 
exposure  of  this  part  of  the  Mendip  Hills  is  seen  on  the  north, 
while  there  appears  a  considerable  shift  on  the  south.  These 
faults  are  observed,  as  far  as  the  surface  is  concerned,  to  stop 
at  the  lias  (6),  and  new  red  sandstone  (5)  on  the  north,  and 
the  only  one  traced  completely  across  to  terminate  at  the 
inferior  oolite  (7)  on  the  south.  This  apparent  and  superficial 
termination  of  the  faults,  arises  from  their  having  been  formed 
anterior  to  the  deposits  of  the  inferior  oolite,  lias,  and  new  red 
sandstone.  The  chief  fault  is  well  known  to  traverse  the  coal 
mines  beneath  a  continuation  of  these  rocks,  on  its  range  north- 
ward, and  is  ascertained  to  be  covered  over  horizontally  by 
them  all  N.W.  from  Radstock.  Thus,  in  this  case,  the  date 
of  these  &ults  would  be  after  the  disturbance,  and  the  flexure 
of  the  coal  measures  in  that  district,  and  anterior  to  the  accu- 
mulation of  the  new  red  sandstone  series  (including  its  dolo- 
mitic  conglomerate)  in  the  same  district.  Hence,  other  faults 
in  the  vicinity  having  the  same  range  might  be  inferred  to  have 
been  contemporaneously  produced  with  them,  the  more  espe- 
cially as  at  Wick  Rocks,  5  miles  from  Bath,  there  is  also  evidenc 
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of  faults  traversing  the  coal  measures,  these  having  been  sub- 
sequently and  quietly  covered  by  beds  of  the  new  red  sandstone 
series.  That  all  the  faults  traversing  any  denuded  or  uncovered 
portion  of  the  older  rocks  of  the  same  district,  were  of  the 
same  relative  date,  is  shown  not  to  be  probable  by  finding  some 
traversing  the  higher  deposits  themselves,  both  on  the  north 
and  south  of  the  Mendip  Hills,  the  chief  of  these  taking  an 
east  and  west  direction,  so  that,  fortunately,  in  this  limited 
district,  an  observer  may  learn  the  value  of  caution,  as  to  the 
relative  dates  of  faults.* 

As  to  the  exposure  of  faults,  and  inferences  as  to  the  disloca- 
tion of  one  series  by  others,  much  caution  is  also  often  needed. 
For  example,  it  does  not  follow,  as  in  the  subjoined  plan 
(fig.  628),  that  the  fissui*e  a  £,  is  posterior  to  another,  c  (f,  and  has 

Fig.  268. 


shifted  it  at  e,  because  the  one  line  is  continuous  and  the  other 
not,  since  such  fractures,  under  fitting  conditions,  maiy  have 
been  contemporaneous  portions  of  some  far  larger  dislocation, 
of  which  these  are  only  minor  parts,  with  adjustments  due 
to  minor  conditions.  Such  apparent  shifting  of  one  fissure 
by  another  is  of  the  same  kind  as  those  small  complicated 
fractures  close  to,  or  forming  parts  of,  the  fissures  or  faults 
themselves,  and  of  which  the  following  (fig.  269)  is  an 
example,  from  St.  Agnes,  Cornwall;  small  contemporaneous 

*  Ab  regards  these  subsequent  faolts,  which  have  commonly  an  east  and 
west  direction,  thej  are  seen  to  have  traversed  deposits  np  to  the  chaUc  incla* 
sive.  A  very  considerable  fiinlt  of  the  latter  kind  (see  Sheets  18  and  19  of  the 
Geological  Survey  of  Great  Britain)  brings  chalk  into  contact  with  the  bed 
known  as  the  Kimmeridge  Clay,  one  of  the  oolitic  series,  at  Mere,  Wilts. 
Thus,  ill  this  district,  there  is  evidence  of  an  east  and  west  disturbance  between 
the  deposit  of  the  coal  measures  and  that  of  the  new  red  sandstone  serieSy  and 
of  another  posterior  to  the  deposit  and  consolidation  of  the  rhf"^- 
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fractures  in  slate  haying  been  filled  by  peroxide  of  tin,  and  so 
that  an  apparent  heaye  or  shift  took  place  at  h  h.  When  such 
appearances  present  themselyes,  it  is  needful  to  ascertain  that 
any  mineral  matter,  filling  a  fissure  cd  (fig.  268),  has  been 
dislocated  and  trayersed  by  the  fissure  a  b. 

Fig.  269. 


Eyidence  of  the  kind  of  dislocation  mentioned  is  often  to  be 
found,  80  that  no  doubt  remains  of  one  fissure  or  set  of  fissures 
haying  been  first  formed,  and  also  altogether  or  partially 
filled,  prior  to  the  production  of  another  or  others.  Mining 
districts  often  present  abundant  opportunities  for  inyestigatious 
of  this  kind.  As  an  example  we  may  notice  a  well-known 
district  near  Redruth,  Cornwall,  where,  as  represented  be^ 
peath  (fig.  270),  granite,  ^,  slates,  5,  elyan  dykes,  ^,  «,  e^  and  lodes 

'  Fig.  270. 
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or  mineral  yeins,  /,  /,  Z,  are  all  cut  through  and  dislocated  by 
a  fault  a  ft,  one  of  the  gr^at  cross  courses^  as  they  are  tenned, 
of  that  country,  haying  northerly  and  southerly  ranges.  This 
plan  is  aUo  useful  in  showing  the  range  of  the  fissures,  e^  e^ 
filled  with  the  granitic  matter  (eWan)  introduced  after  the 
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production  of  the  granitic  masses,  g  (p.  650),  and  the  coin- 
cidence in  range  of  parts  of  the  fissures,  /,  /,  of  the  country, 
containing  copper  and  tin  ores,  and  subsequently  formed,  since 
they  traverse  these  elvans  in  the  vertical  section  downwards. 

With  respect  to  sections  in  any  planes,  the  horizontal  for 
example,  in  countries  complicated  by  the  occurrence  of 
different  rocks,  variably  situated  as  respects  each  other,  or  by 
fissures  ranging  diflerently  and  filled  more  or  less  with  mineral 
substances  of  various  kinds,  even  by  mineral  matter  which  has 
been  raised  in  them  in  a  molten  state,  some  care  is  needed,  so 
that  an  observer  may  properly  appreciate  the  relative  position 
of  the  parts  of  the  general  solid  rock  broken,  shifted,  and,  as  it 
were,  rubbed  down  to  some  given  plane.  Let,  for  illustration, 
the  following  section  (fig.  271)  represent  one  of  such  a  district 


Fig.  271, 


as  that  of  Cornwall,  a  ft,  being  the  surface  of  the  country,  e  e, 
el  van  dykes,  and  Z,  /,  /,  lodes  or  mineral  veins.  Let  this 
country  be  now  dislocated  in  a  plane  perpendicular  to  the 
section,  so  that  a'  V  on  the  one  side  be  lifted  vertically  above 
a  &  on  the  other.  It  will  be  seen  that,  on  the  level  a  ft,  though 
the  amount  of  vertical  elevation  has  been  common  to  all  the 
lodes  and  elvans,  these  now  occupy,  on  the  surface  a  ft,  very 
different  distances  from  each  other,  according  to  the  portions 
of  their  various  dips  or  underlies  intersected  on  that  surface 
after  the  movement  mentioned.  This  will  be  still  further 
illustrated  by  the  subjoined  plan,  (fig.  272),  supposed  to  be 
taken  on  the  level  a  ft,  all  above  it,  after  the  fault  was  efiected, 
^ing  considered  as  removed  by  denudation,  as  is  commonly 
e  case.    As  the  letters  and  figures  correspond  on  both  the 
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section  and  plan,  it  wUl  be  found  that,  while  the  lodes  /  1,  /  2, 
and  the  elvan  e  1,   are  shifted  to  the  right  on  tiie   side  of 

Fig  272. 
V\  V2    e\        B  PZVaVQ  e2  /'5 
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the  dislocation  marked  B,  the  lodes  /  3  and  I  4  are  shifted  to 
tiie  left ;  and  that,  in  the  latter  part  of  the  section  and  plan,  a 
lode  or  branch  from  a  lode  /'  0,  appears  on  the  side  B,  which 
was  not  at  the  surface  on  the  side  A,  so  that  three  lodes 
appear  on  the  side  B  as  continuations  of  the  two  lodes  visible 
at  the  surface,  on  the  side  A.  The  elvan  e  2,  which  was  close 
to  the  lode  74,  on  the  side  A,  is  apparently  removed  far  from 
it  on  the  side  B,  and  moreover  contains  the  lode  /  5  in  the 
latter  case,  one  which  was  far  removed  from  it,  on  the  surface, 
on  the  side  A.  * 

The  evidence  of  a  succession  of  fissures  is  oftien  extremely 
interesting.  While  some  clearly  dislocate  and  shift  the  whole 
of  a  mass  of  rocks,  with  any  prior-formed  fissures  included  in 
them,  others  appear  as  mere  fissures,  with  their  walls  slightly 
if  at  all  moved  from  their  former  relative  positions  as  con- 
tinuous portions  of  the  same  mass  of  rocks.     In  the  annexed 


^  Figures  of  this  kind  serve  to  illostnite  the  apparently  contradictory  facts 
sometimes  observable  on  the  sides  of  dislocations,  denuded  down  to  a  common 
level,  where  elvans,  or  other  dykes,  and  fitults,  or  mineral  veins,  dip  at  varions 
angles  in  opposite  directions.  In  the  illnstration  given  in  the  text,  the  motion 
has  been  supposed  vertical.  As  snch  movements  are  frequently  otherwise,  when 
it  is  desired  to  see  how,  by  the  use  of  such  sections,  explanations  of  apparentiy 
complicated  phenomena  may  be  afforded,  it  becomes  necessary  not  only  to 
have  the  sections  strictiy  accurate  and  proportional  in  all  their  details,  but  also 
to  make  the  movement  correspond  with  that  found  among  the  rocks  themselves. 
If  an  observer  will  paint  on  two  pieces  of  flat  glass,  a  variety  of  sections  of 
this  kind,  the  same  on  both  pieces,  so  that  when  held  together  they  appear  as 
one,  and  slide  the  glasses  on  their  flat  sur&ces,  a  variety  of  interesting  circum- 
stances will  be  made  apparent  as  to  the  consequences  of  fkult  movements  in 
different  direction ;  the  sur&ces  of  ground  being  supposed,  as  in  nature,  to  b 

dranded  down  tn  nt%m»  Anmvnnn  IavaIc 
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plan  (fig.  273)>  one  of  the  mineral  veins  of  the  Cfaarlestown^ 
Pembroke,  and  Crinnis  mines,  St  Austell  district,  Cornwall, 
it  will  be  seen  that  the  granite  boundary,  g  g^dA  well  as  the 
lodes  /  7,  are  shifted  by  the  fault  or  cross  course  ab;  (the  same 
circumstance  attending  the  fault,  c  d^  though  not  shown  on 
plan ;)  while  another,  and  subsequent  fissure,  ef^  traverses  the 
whole  without  shifting  it. 

Fig.  273. 


Fissures  are  oftien  found  to  split  at  their  ends  after  no  very 
considerable  course,  when  regarded  in  their  horizontal  range. 
Of  mineral  veins  so  divided  at  their  extremities,  when  viewed 
horizontally,  the   following    plan  (fig.  274)  of  ihe  Wheal 

Fig.  274. 


Fortune  range  of  mines^  Breague  district,  Cornwall,  may  be 
taken  as  a  good  example.  The  main  lode  is  there  seen  to  be 
split  on  both  the  east  and  west  after  a  range,  as  a  marked 
fissure,  for  about  a  mile  and  a  quarter  (the  plan  is  on  a  scale 
of  one  inch  to  the  mile).     The  lodes,  m,  are  those  of  Wheal 
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Friendship  mine,  and,  if  prolonged,  would  also  fall  into  the 
main  yein  of  the  Wheal  Fortime  mines.  These  various 
lodes  traverse  elvan  dykes  &,  e,  or  courses^  as  they  are  termed  in 
Cornwall,  and  are  cut  by  faults  or  cross  courses,  d,  d,  subse- 
quently produced.  It  should  be  remarked,  with  reference  to 
beds  or  other  arrangements  of  rocks  or  variable  toughness, 
traversed  by  fissures,  that  occasionally  some  care  is  needed 
not  to  be  misled  by  minor  appearances,  for  the  fissures  taking 
lines  of  least  resistance  may  so  run  against  or  along 
harder  beds,  or  dykes  of  mineral  matter,  as  to  lead  to  false 
impressions.  Thus,  in  the  annexed  section  or  plan  (it  is 
immaterial  which  it  may  be  considered),  a  fissure  being  opened 

Fig.  275. 
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from  d  towards  6,  and  encountering  an  elvan  dyke  a,  I,  might 
have  resistances  to  the  force  employed  so  adjusted  that  it  only 
traversed  the  latter  at  ^,  passing  up  the  wall  of  the  elvan  dyke 
for  some  distance,  thence  taking  its  course  onwards  to  the 
right  in  a  parallel  line  c  e.  It  might  be  inferred,  and  in 
somewhat  similar  cases  has  been  inferred,  that  the  elvan  filled 
a  fissiu*e,  a  ft,  produced  subsequently  to  that  noticed,  d  c 
the  opening  against  the  elvan  on  the  side  c  being  very  slight, 
even  forming  a  mere  slide  along  the  old  plane  of  the  fissure  a  b. 
The  reverse  would,  in  such  a  case,  be  the  fact  Circumstances 
of  a  similar  kind  have  sometimes  occurred  as  respects  the 
intermixture  of  an  igneous  rock  (locally  known  as  toadstone 
(p.  643),  and  the  limestone  associated  with  it  in  Derbyshire,  as 
will  be  hereafter  noticed.  Caution,  therefore,  on  this  head,  is 
occasionally  more  needed  thanatfirst  sight  might  appear  probable. 
With  respect  to  arrangements  of  the  parts  of  a  faulted 
country,  and  it  is  important  to  bear  in  nund  how  very  f 
tensively  &ults  often  nrevail  in  otherwise  undisturbed  distri< 
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their  occurrence  on  the  surface  of  land  is  sometimes  such  as  to 
remind  the  geologist  of  inlaid  marble  work,  curiously  fitted 
together,  and,  as  it  were,  polished  down  to  some  giyen  plane. 
As  a  piece  of  natural  inlaid  work  of  this  kind  the  observer  will 
find  a  good  example  in  Pembrokeshire,  whore  the  coal  measures 
of  Nolton  and  Wood  appear  as  if  inlaid  among  faults  on  the 
north,  east,  and  south.*  As  to  the  smoothing  off  of  countries 
traversed  by  faults,  these  often  considerable,  so  many  re^ons 
present  evidence  of  it  that  probably  there  are  few  portions  of 
the  earth's  surface,  even  when  offering  scarcely  any  bending  or 
contortion,  which  are  not  more  or  less  cracked  and  broken  in 
some  form.  It  has  been  seen  (p.  491)  that  in  the  earthquakes  of 
the  present  day  fissures  are  frequent,  and  there  is  every  reason 
to  suppose  that  such  have  occurred  at  all  geolo^cal  times. 
Whether  faults  arise  from  minor  adjustments  of  the  earth's 
crust,  the  bending,  contortion,  and  squeezing  of  various  accu- 
mulations being  regarded  as  more  considerable  consequences 
of  those  adjustments,  or  from  other  causes,  together  with  the 
greater  plications  and  flexures,  they  show  a  broken  and 
dislocated  condition  of  that  crust  which  it  requires  the  geo- 
logists most  carefully  to  bear  in  mind,  when  endeavouring  to 
trace  the  facts  he  may  observe  in  connection  with  deposits  and 
their  subsequent  movements  to  their  sources. 

As  illustrative  of  the  modes  of  occurrence  of  fissures  and 
faults  in  mining  districts,  which  usually  afford,  as  above 
remarked,  such  good  opportunities  for  their  study,  the  fol- 
lowing plans  may  be  found  useful.  The  first  plan  (fig.  276) 
represents  a  general  view  of  the  fissures,  whether  coming  under 
the  heads  of  mineral  veins  or  ordinary  fissures  and  faults,  in 
Cornwall,  Devon,  and  West  Somerset.  On  the  east  there  is  a 
tendency  of  nearly  north  and  south  faults  to  traverse  others 
running  east  and  west,  while  on  the  west  fissures  usually 
ran^ng  about  N.N.W.  and  S.S.E.,  cross  others  which  take  a 
course  from  W.S.W.  to  E.N.E.,  or  from  E.S.E.  to  W.N.W. 

*  See  Maps  of  the  Geological  Survey  of  Great  Britain,  Sheet  40.  On  the 
soath  a  considerable  fault  throws  the  coal  measures  against  lower  SUurian 
rocks,  on  the  north  another  brings  them  in  contact  with  Cambrian  rocks ;  both 
one  and  the  other  class  of  deposits  being  at  the  same  time  overlapped  bj  Uiem, 
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It  will  be  observed  that  towards  the  great  metalliferous  district 
of  Cornwall  the  lines  c  c  c  take  a  direction  somewhat  parallel 

Fig.  276. 


to  the  general  range  of  land,  which  is  that  also  of  the  granitic 
masses  of  the  district.  Other  lines,  d  d  d^  are  observed  as  of 
importance  in  three  situations  (St.  Austell,  Marazibn,  and 
St.  Just  districts).  The  fissures  and  faults,  c  cc  and  d  d  d^ 
contain  the  chief  of  the  tin  and  copper  ores  of  the  district, 
while  in  the  cross  courses,  bbb^  those  of  lead  *  and  iron  and 
some  others  are  commonly  found.  The  tin  and  copper  veins  or 
lodes,  a  a,  near  Tavistock,  have  a  more  east  and  west  direction, 
the  cross  courses  traversing  them,  b  &,  having  a  somewhat 
marked  north  and  south  range.  The  lines,  both  east  and  west, 
a  aa^  and  north  and  south,  b  b  bj  on  the  east  side  of  the 
plan,  come  under  the  heads  of  common  faults ;  one,  however, 

as  weU  as  of  the  mode  of  occurrence  due  alone  to  the  ftults ;  no  difficult  task 
in  the  district  mentioned.    The  following  section  (fig.  277))  north  of  Newgale 

Fig.  277. 

N 


a  c       a      f  h  6 

Sands,  N,  will  show  the  manner  in  which  the  coal  measures,  h,  b,  are  brought 
into  contact  with  purple  and  grey  sandstones,  of  the  Cambrian  series,  a,  a,  by 
the  &ult,/A ;  c  is  a  dyke  of  igneous  rock  filling  a  fissure  traversing  the  latter  beds. 
*  The  lead  of  Cornwall  and  Devon  is  not  confined  to  the  north  and  south 
fissures,  though  in  certain  districts  they  occur  in  a  somewhat  marked  manner  in 
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of  the  east  and  west  lines^  a,  near  Exeter,  being  connected 
with  parallel  fractures  holding  manganese.* 

With  respect  to  the  relatiYe  geological  age  of  these  fissures^ 
there  is  eyidence  that  those  having  an  easterly  and  westerly 
direction  on  the  west,  c  c  c^  and  d  d  d,  were  formed  anterior  to 
those  traversing  them  in  a  northerly  and  southerly  direction, 
since  the  former  are  not  only  shifted  by  the  latter,  but  their 
contents  are  also  broken  through  by  them.  The  east  and  west 
fissures,  a  a,  near  Exeter,  on  the  west  of  Dartmoor,  were 
produced  after  the  deposit  and  consolidation  of  the  new 
red  sandstone  of  that  district,  since  that  series  has  been  di^ 
located  by  them.  Fissures  with  the  same  direction,  near 
Watchet,  Somerset,  a  a,  on  the  north-east  comer  of  the  plan, 
were  produced  after  the  deposit  and  consolidation  of  the  lias. 
How  Car  these  latter  may  be  contemporaneous  with  those 
containing  tin  and  copper  ores  on  either  side  of  Dartmoor,  and 
having  the  same  direction,  may  not  be  clear,  though  they  might 
be  supposed  to  be  so.  Be  this  as  it  may,  north  and  south 
faults  have  dislocated  the  chalk  with  other  prior-formed  de- 
posits (of  the  oolitic  series)  near  Lyme  Regis,  Chard,  and 
Membury  {b  b  on  the  south-east  of  the  plan).  Taking  these 
last  in  connexion  with  the  north  and  south  faults  of  the  Mendip 
Hill  district,  near  at  hand  eastward  (fig.  167,  p.  552),  there 
have  been  fissures  formed  in  the  same  general  directions,  north 
and  south,  at  two  distinct  periods,  in  this  part  of  south-western 
England,  one  anterior  to  the  dqK)sit  of  the  new  red  sandstone, 
and  posterior  to  the  flexures  and  plications  of  the  coal  measures, 
and  the  other  aftier  the  deposit  and  consolidalaon  of  the  chalk. 

*  The  foUowing  lection  iUustrates  these  faults,  one  of  which,  ^  can  be 
traced  for  10  miles  from  Poltimore,  on  the  east,  to  Venny  Tedbom,  near  Pos- 

o,.  .  u  Fig-  278. 

Newton  St.  Cyras. 
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bury  Hill,  on  the  west;  a  minor  &alt  or  vertical  branch  of  the  same  &alt,  ai, 
running  parallel  to  it,  and  having  afforded  a  large  quantity  of  valuable  oxide 
of  manganese  (at  Huxham,  Upton  Pyne,  and  Newton  St  Gyres),  a,  a,  are 
beds  of  the  new  red  sandstone  series  of  the  district,  brought  into  contact  with 
^e  coal  measure  sandstones  and  shales,  6,  &,  of  the  same  country,  in  which 
lere  is  another,  and  apparently  narallel  fissure.  L  containing  mlnhnret  of  lead. 
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Ute  movementB  of  different  dates  in  east  and  west  dtiections 
have  already  been  noticed  (p.  750).* 
Ilie  Mowing  plan  (fig.  279)  of  part  of  Glamorganshire 
Fig.  ilt. 


ezhibitB  nomerous  parallel  fractores  travemng  both  mountain 
or  carboniferous  limeetone  and  coal  measures  near  Swansea ; 
the  woiling  of  the  coal  measures  affording  the  needful 
evidence  of  many  faults  which  are  not  so  easily  traced  in  an 
accumulation  of  such  a  general  nuneral  aspect  as  the  carbom- 
ferous  limestone  of  that  locality.  In  this  plan,  aaa  represent 
Ihe  lines  of  faults,  a  the  coal  measures,  and  l  the  carboniferous 

*  Wb  vnnld  refer  fbr  more  ample  detul  on  the  mode  of  occorreoce  of  the 
Ikvlli  and  lodo,  or  mineral  vdna,  of  Cornwall,  Devon,  West  Somertet,  and  a 
put  of  Donetahire,  to  tha  Aathor*!  Beport  on  the  Geologj  of  that  dutrict,  1839. 

At  regardi  the  range  of  cut  and  «e«t  fholti  in  neighbonring  pull  of 
England,  it  maj  be  deurable  to  call  the  attention  of  the  observer  to  tiie  con- 
nderable  ftactnrea  haring  that  direction  near  Bndport  and  WeTmonth  (lee 
Mapa  of  the  Oeoiogieal  Snrrej,  Sbeeti  IT,  18,  where  tliej  have  been  mott 
caieMlj  Ivd  down  by  Mr.  H.  W,  Briatow),  travening  a  variety  of  beds  np  to 
the  oh^  iDOlinnve ;  in  the  latter  csie,  therefore,  formed  dnring  some  portion 
of  th*  Rprscretaceoni  or  tertiary  period.  In  the  Iile  of  Wight  a  great  diitorb- 
ance,  having  in  eatt  and  weat  directioD,  ia  Ken  to  have  ocoorred  after  a  con- 
■idenhlfi  nartinn  nf  t>ip  Rinn>i>rt>Unviiu  nr  tin^arv  mcliB  nf  that  diitrieE  had 
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limestone,  rising  from  beneath  them ;  8,  is  Swansea,  and  bc, 
Bristol  Chanoel.  In  this  case  there  is  no  eyidenoe  to  mark  the 
relatiye  date  of  the  fissures ;  and,  supposing  them  contempo- 
raneous with  those  haying  the  same  directions  on  the  opponte 
side  of  the  Bristol  Channel,  they  may  haye  been  of  either  of 
the  dates  preyiously  noticed.  It  may  not  be  improbable^  how- 
eyer,  that  they  were  formed  after  the  deposit  of  the  lias,  since 
somewhat  more  eastward,  towards  Cardiff,  in  the  same  general 
district,  parallel  faults  dislocate  the  yarious  accumulations  up 
to  that  deposit  inclusiye.* 

With  respect  to  the  manner  in  which  portions  of  fractured 
masses  are  brought  into  contact  in  yertical  sections  by  feults, 
the  following  sketch  will  serye  to  illustrate  that  of  a  simple 

Fig.  2.80. 


/ 

kind,  when  the  amount  of  difference  in  the  relatiye  leyels  of 
the  dislocated  and  once-continuous  beds  has  been  small,  and 
the  fissure  nearly  yertical,  part  of  the  bed  a  on  the  one  side  of 
the  faulty,  being  separated  from  the  portion  a',  on  the  other. 
Faults  are,  as  may  be  readily  inferred,  of  all  inclinations  as 
regards  the  horizon,  being  sometimes  sloping,  as  beneath 
(fig.  281),  so  that  to  measure  the  amount  of  geological  dis- 

Fig.  281. 


*  The  obserrer  is  referred  to  yarious  maps  of  the  Geological  Sarvey  of  the 
United  Kingdom,  for  numerous  examples  of  fimlts  trayersbg  diiSsrent  rocks. 
Great  care  has  been  taken  to  have  them  properly  examined  and  laid  doirm 
so  that  they  may  eventuaUy  constitute  a  body  of  eyidence^  of  aa  accurate 
kind,  for  a  due  consideration  of  the  yarious  dislocations  which  th^  rocks  in  the 
area  of  the  British  Islands  may  haye  suffered  dnrimr  the  lanae  of  the  seoloffieal 
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location  produced  by  one  at  /, .  the  distance  i,  extending 
rertically  from  the  plane  of  the  same  bed  a  (supposed  hori- 
zontal) on  the  one  side,  and  c  on  the  other>  has  to  be  ascer- 
tained. In  some  coal  districts  faults  of  a  highly-inclined  kind 
are  said  to  double  the  coal  for  a  short  distance,  when  dislocated 
parts  of  the  same  bed  of  coal  have  been  worked  on  one  side  of 
a  &ult  aboye  a  portion  on  the  other,  as  is  seen  by  supposing, 
in  the  section  above  (fig.  281),  a  bed,  a  c,  to  be  one  of  coal. 

In  some  districts  faults  are  observed  so  to  have  occurred 
that  several  portions  of  country  have  been  dropped  down 
in  one  direction,  prolonging  the  surface  appearance  of  some 
rocks  beyond  that  which  would  otherwise  have  happened  after 
the  various  denudations  to  which  they  might  have  been  ex- 
posed ;  portions  being  thus  preserved  which  would  otherwise 
have  been  swept  away.  The  following  section  (fig.  282)  may  be 

Fig.  282. 
Knighton  a  a       BenholeFum       Briatol  Chinnel. 


taken  in  illustration  of  this  subject,  as  also  of  the  vertical  mode 
of  occurrence  of  the  faults  near  Watchet  (a  a,  north-east 
comer  of  the  plan,  fig.  276),  previously  noticed.  The  deposits 
dislocated  are  lias,  a,  and  new  red  marl  and  sandstone,  b;  and 
it  will  be  seen  that  parts  of  the  lias  have  been  preserved  from 
denudation  by  being,  as  it  were,  dropped  down  by  five  &ults, 
/,/,/,/,/  (parallel  to  each  other),  into  five  sheltered  depres- 
sions, succeeding  each  other  in  a  southward  direction.  In  this 
manner  valuable  coal,  in  some  coal  districts,  has  been  preserved 
from  that  removal  by  geological  causes  which  it  would  other- 
wise have  sufiered.  The  amount  of  accumulations  thus  pre- 
served, or  tiie  reverse,  by  systems  of  faults,  is  a  subject  which 
should  engage  the  attention  of  the  observer  as  one  of  import- 
ance in  investigations  of  this  kind.  The  amount  of  various 
rocks  so  circumstanced  is  often  very  considerable. 

As  might  be  expected,  lines  of  faults  frequently  exhibit  minor 
complication  and  even  disturbance,  showing  a  certain  amount 
of  lateral  pressure  during  the  adjustment  of  their  sides  after 
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the  action  of  the  force  producing  the  ori^nal  fracture.     The 
following  BectioD,  easily  seen,*  of  a  &ult  on  the  coast  (^  Gla- 


morganshire, west  of  LaTemock  Point,  will  illiistrate  minor 
complicatioiis  of  fractore,  and  a  bending  of  certun  of  the  beds 
acted  upon,  m,  m,  m,  being  minor  parts  of  the  same  disloca- 
tion wUch  has  traversed  earthy  dolomitic  limestone  and  marl  a ; 
varieties  of  dolomitic  limestone,  b,  c,  d,  c,  and  _/";  dolomitic 
conglomerate,  ^  (all  these  of  the  new  red  sandstone  series)  j 
and  lias,  1.  The  beds  at  A  correspond  with  those  on  the  left. 
While  the  fractures  have  merely  broken  the  former  depomts,  the 
e(^e8  of  the  lias  have  been  turned  up,  as  if  by  a  certain  amount 
of  lateral  pressure.  In  some  faults  this  tnrmng  up  of  a  portioo  of 
the  beds  acted  upon,  occasions  the  observer  to  suspect  that  after 
the  fracture  there  has  been  some  settlement  from  an  upraised 
portion  (for  the  time),  produdng  the  needful  Miction  even  for 
upturning  the  edges  of  beds  on  the  under  part  of  a  fault,  as 
shown  at  m  on  the  right  of  the  section  (fig.  283).  Usually 
the  side  relatively  lowered  is  found  r^sed  at  the  edge  in 
an  inclined  fault,  the  consequent  friction  turning  up  the  end 
of  the  superior  rock  conformably  with  the  movement 

As  a  vertical  section  may  only  give  the  apparent  movement 
of  the  parts  of  rocks  fractured  and  faulted,  it  is  dearable 
that  the  observer  should  search  for  the  direction  of  any  friction- 
marks  attending  pressure  of  the  rocks  on  one  ade  a^iinst 
those  Ml  the  other,  in  order  to  discover  that  in  which  the  move- 
ment has  really  been  effected.  This  investigation  will  some- 
times lead  him  to  find  that,  though  the  general  plane  of  a  fault 

*  Bopectiog  illnitiBtioiii  of  the  variou  geological  pbenomena  noticed,  tbe 
Author  hu  endoToored  io  this  work  as  much  u  possible  to  wlect  nch  loctli- 
tia  n  niBj  be  eacl;  viiited. 
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may  dip  in  a  given  direction,  the  movement  has  not  always 
coiresponded  with  it.  Some  of  these  fnction-marks  bear  evi- 
dence of  the  action  of  enormous  pressure,  more  especially  in 
those  cases  where  the  dislocation  may,  in  its  plane,  amount  to 
several  thousand  feet,  and  yet  the  rocks  thus  moved  against 
each  other^  and  once  so  &r  asunder,  be  now  closely  jammed 
together.  The  contents  of  dislocations,  whether  known  as 
common  faults  or  mineral  veins,  often  present  beautiful  im- 
pressions of  these  friction-marks,  parts  of  the  walls  of  the 
fractures,  after  grating  against  each  other  in  their  movement^ 
having  finally  left  cavities  in  which  various  mineral  substances 
were  accumulated,  taking  the  form  of  the  surfaces  against  which 
their  first  depodt  was  efiected. 

The  filling  of  fissures  and  other  cavities  with  mineral  matter. 
— ^ThiB  subject  may,  to  a  certain  extent,  be  considered  as  part 
of  that  relating  to  the  changes  and  modifications  of  rocks  above 
mentioned,  since  from  the  filling  of  minor  cavities  and  fissures, 
such  as  occur  in  or  traverse  small  portions  of  an  accumulation, 
whether  of  igneous  or  aqueous  origin,  much  change  or  modifi- 
cation may  arise  in  the  containing  rocks.  The  filling  of 
cavities,  such  as  those  previously  noticed  in  vesicular  lava 
and  molten  matter  of  all  geological  times,  converting  a  highly 
porous  and  often  originally  light  substance  into  a  very  solid 
rock,  effects  a  marked  change  of  structure-  The  infiltra- 
tions of  the  mineral  substances  into  the  cavities,  in  these  cases, 
become  important  in  the  consideration  of  those  which  have 
filled  various  fissures  and  dislocations  as  well  as  cavities,  of  far 
greater  eize,  since  they  seem  to  point  to  the  solution  of  some 
substances,  or  of  the  elementary  matter  composing  tiiem,  and 
to  the  power  of  such  solutions  to  traverse  the  pores  of  rocks, 
even  of  those  which  are  considered  very  solid  and  compact,  in  a 
manner  which,  at  first  sight,  might  not  be  expected.  Let  the 
observer,  for  example,  study  certain  of  the  nodules  of  the  im- 
pure carbonate  of  iron,  known  as  clay  ironstones^  in  many  of  the 
localities  where  they  are  obtained  from  the  coal  measures  of 
the  British  Islands,  opportunities  for  which  are  abundant  in 
South  Wales,  Monmouthshire,  Staffordshire,  Derbyshire,  and 
elsewhere.    While  in  manv  of  these  nodules,  the  cracks,  when 
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they  present  themselves,  as  they  often  do,  in  the  manner  men- 
tioned previously  (fig.  227,  p.  687),  only  contain  more  pore 
carbonate  of  iron,  or  are  entirely  empty,  at  others  they  are 
incrusted  or  filled  with  such  substances  as  copper  pyrites,  and 
the  sulphurets  of  lead,  zinc,  nickel,  and  iron,  with  the  occa- 
sional occurrence  of  other  minerals  of  a  different  clas^  In 
such  cases  the  observer  can  have  little  doubt  that  the  component 
parts  of  these  substances  have  come  by  infiltration  from  with-  , 
out  into  the  cracks  of  the  nodules  of  impure  carbonate  of  iron, 
through  their  exterior  pores,  and  through  those  and  the  laminae 
of  the  surrounding  argillaceous  shales.  He  is  therefore  pre- 
pared to  infer  that  these  bodies,  or  their  component  parts,  were 
in  a  soluble  state  when  they  entered  the  cavities  formed  by  the 
cracks  in  the  nodules. 

When  he  examines  the  minerals  which  have,  under  certain 
conditions,  replaced  organic  remains  in  various  rocks,  the 
geologist  may  still  further  be  prepared  to  r^ard  the  matter  of 
these  and  other  compound  substances  as  being  introduced  in 
solution  into  cavities  left  by  the  decompoation  and  disappear- 
ance of  mollusc  shells,  or  other  organic  bodies.  Copper  pyrites 
has  been  found  to  replace  the  shells  of  spirifera,  at  Dod- 
dington,  Somersetshire* — sulphuret  of  lead  various  cavities  left 
by  the  shells  of  molluscs  in  the  lias  near  Merthyr  Mawr, 
Glamorganshiref — and  sulphate  of  baryta  portions  of  corals  in 
the  mountain  limestone  of  Cromford,  Derbyshire.}  Sulphuret 
of  iron  very  frequently  occupies  the  places  of  mollusc  shells  in 
many  rocks,  especially  those  which  are  argillaceous,  even 
insinuating  itself  amid  the  matter  of  fossil  bones,  such  as  those 

*  In  this  locality  there  was  a  vein  of  copper.  The  ores  raised  were  princi- 
pally green  and  bine  carbonates,  and  were  first  obtained  in  the  new  red  sand- 
stone  conglomerate  of  the  locality  above  a  Tein  in  the  Devonian  rocks  beneath. 
Homer,  Trans.  Geol.  Soc  London,  toI.  iii.,  pp.  352  and  363. 

t  The  salphnret  of  lead  is  much  disseminated  in  this  part  of  Sonlh  Wales, 
and  often  in  cavities.    It  occurs  in  the  cracks  of  fossil  wood  in  the  lias  near 
Danrayen  Castle,  in  the  same  manner  that  the  salphnret  of  iron  is  ofte 
seen  in  coal  beds,  and  in  fossil  wood  in  nnmerons  clays  of  different  geological 
dates. 

I  This  &ct  is  interesting  in  connexion  with  the  considerable  quantity  of 
snlphate  of  baryta  found  in  the  lead  veins  and  other  cavities  of  that  part  of 
Derbyshire. 
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of  saurians  in  the  lias,  and  other  deposits.  Silica,  as  might  be 
expected  also,  occupies  the  cayities  left  by  shells,  of  which  the 
chalcedonic  replacements  of  the  various  shells  of  the  green  sand 
series  at  Blackdown,  Devon  and  Somerset,  are  beautiful 
examples.  Even  the  carbonate  of  lime  of  many  fossil  mollusc 
shells  does  not  always  appear  to  be  that  of  the  original,  but  to 
have  been  infiltrated  into  cavities  left  upon  the  disappearance 
of  the  matter  of  the  actual  shell,  the  particles  of  the  carbonate 
of  lime  not  being  adjusted  in  the  manner  ihey  usually  are  in 
shells  of  the  same  class  by  living  animals,  but  as  they  would 
be  upon  simple  infiltration  and  crystallization  in  any  cavity. 
Again,  in  the  crystals  of  felspar,  decomposed  in  the  body  of  a 
rock,  the  original  substance  of  the  crystals  removed,  and 
replaced  by  peroxide  of  tin,  even  part  of  the  original  felspar 
crystal  sometimes  remaining,  while  the  rest  of  its  form  is 
replaced  by  the  peroxide  of  tin,  as  in  an  elvan  at  St.  Agnes, 
Cornwall,  the  observer  has  another  example  of  the  inflow  of 
mineral  matter  in  solution  into  cavities  and  through  the  pores 
of  the  rock  in  which  such  cavities  may  be  situated.  In  fact, 
looking  at  the  subject  generally,  the  various  cavities  in  the 
rocks  composing  the  crust  of  the  earth,  have  a  tendency  to  be 
filled  by  mineral  matter,  the  component  parts  of  which  find 
their  way  to  them  in  solution. 

Passing  firom  these  cavities  to  those  produced  by  cracks, 
these  of  minor  size,  and  confined  either  to  one,  two,  or  some 
small  number,  of  beds  of  sedimentary  deposits,  or  some  very 
limited  volume  of  an  igneous  accumulation,  it  would  be  ex- 
pected that,  as  a  whole,  the  matter  infiltrated  into  such  cracks 
would  chiefly  partake  of  the  mineral  character  of  the  rocks  so 
broken,  so  that  the  substances  principally  filling  the  cracks  in 
limestones  would  be  calcareous,  while  those  amid  siliceous 
rocks  would  be  quartzose,  as  is  usually  the  fact.  From  the 
prevalence,  however,  of  particular  conditions,  quartz  veins  are 
occasionally  found  in  limestones,  and  calcareous  matter  among 
the  siliceous  rocks.  This  usually  occurs  when  the  limestone 
beds  form  a  very  subordinate  portion  of  a  sandstone  or  argilla- 
ceous accumulation,   chiefly  composed  of  silicates,   or  when 

calcareous  dennRits  nrpdnTninAtp  sLvnnna  thnsA  of  nthftr  kinds,  as. 
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for  example»,|9-  the  case  with  the  igneous  rocks  of  Derbyshire, 
where  the  ve^cles  and  minor  veins  of  the  latter  are  often  filled 
with  calcareous  spar.* 

Proceeding  to  examine  the  filling  of  cavities  and  fissures  of 
larger  dimensions,  and  such  as,  not  confined  to  minor  volumes 
of  rocks,  can  be  traced  for  considerable  distances,  and  the 
depths  of  which  are  unknown,  an  observer  will  have  not  only  to 
bear  in  mind  the  incrustations  of  the  sides  of  such  fissures 
by  the  substances,  which,  passing  amid  the  pores  or  small 
fissures  of  rocks  on  the  minor  scale,  are  ready  to  fill  up  or 
incrust  any  cavities  presenting  themselves,  iio  matter  of  what 
kind  or  how  formed,  but  also  to  consider  the  kind  of  substances, 
and  their  mode  of  action  upon  each  other,  which  may  be  de- 
rived from  various  distances  and  sources.  Viewing  a  consi- 
derable fissure,  in  its  simple  fi>rm,  somewhat  vertically  traversuog 
various  beds  of  dissimilar  rocks,  as  in  the  following  section 
(fig.  284),  a  to  ft  each  afibrding  some  difierent  or  variously 

Fig.  8S4. 


combined  matter  in  solution,  and  confining  his  attention,  at  first, 
to  solutions,  the  geologist  has  a  more  complicated  problem  pre- 
sented to  his  attention  than  the  mere  infiltration  of  mineral 

*  The  filling  of  caTitiet  and  smaU  fiasores  in  igneovs  rocb  by  carbonate 
of  lime  is  not  unfreqnent,  eren  when  calcareous  rocks  do  not  oonstitnte  any 
Terj  large  proportion  of  a  general  mass  of  mixed  aceomuladons.  Thns  at 
Trecarrell  Bridge,  between  Lannoeston  and  Ta^stock,  the  highly  Tencnlar 
rock  of  that  locality,  oontemporaneoosly  fonned  with  the  Devonian  rocks  amid 
which  it  occnrs,  is  rendered  solid  by  the  infiltration  of  carbonate  of  lime  fttm 
adjacent  calcareous  beds  of  no  great  purity  or  importance.  The  ready  sols- 
bility  of  the  carbonate  of  lime,  when  soffldent  free  carbonic  aoid  is  prcaont 
has  occasioned  the  passage  of  the  former  sobstance  from  the  calcarooua  beds 
into  the  yesicles  of  the  igneous  and  juxtaposed  rock,  and  its  deposit  there,  when 
unless  decomposed  and  again  remoTed,  it  would  prevent  the  deposit  ot  odier 
substances  passing  in  8<^ation  throuffh  the  nores  of  the  rock. 
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matter  through  the  pores  of  rocks  into  small  cavities  and 
iSssures  in  them.  He  has  to  regard  not  only  the  probable 
combinations  and  decompositions  effected  by  a  mixture  of  sub- 
stances introduced  into  the  fissure,  but  also  the  motion  of  the 
whole  of  the  liquid  in.  it,  according  to  temperature.  The 
fissure  may  eith^  be  one  through  which  waters  rise  to  the  sur- 
face of  land,  and  overflow  it,  thus  dischargmg  large  volumes 
of  water  containing  mineral  matter  in  solution  of  various 
amount  and  kind,  or  the  liquid  may  merely  rise  to  such  a 
hei^t  in  the  fissure  as  to  remain  confined  to  it,  and  the  por- 
tions oi  rocks  adjacent,  amid  the  pores  and  interstices  of  which 
it  may  also  enter.  According  to  temperature  also  will  he  have 
to  bear  in  mind  the  solubility  or  deposit  of  the  matter  generally 
in  the  liquid,  permitting  some  of  it  to  remain  in  solution  while 
other  parts  were  deposited,  coating  the  walls  of  tiie  fissures. 

The  geologist  will  thus  have  to  consider  the  probability  of 
certain  of  the  fissures  extending  to  depths  where  the  tempera- 
ture may  become  very  elevated,  even  to  those  depths  where 
water,  notwithstanding  the  great  pressure,  might  be  converted 
into  steam,  and  numerous  substances  be  vaporized.  No  doubt 
there  is  much  to  be  accomplished  with  req>ect  to  our  know- 
ledge of  the  effects  which  would  be  produced  imder  the  condi- 
tions supposed.  We  may  expect  water  to  exist  under  pressure 
as  such  up  to  very  high  temperatures,  and  its  power  of  dissolv- 
ing various  substances  in  tiiat  state  to  be  so  increased,  that 
many  viewed  as  insoluble  at  those  temperatures  at  which  expe- 
riments have  been  undertaken  would  become  readily  soluble. 

The  experiments  of  M.  Gustav  Bischoff  on  this  subject  are 
highly  valuable.  Impressed  with  the  importance  of  the  agency 
of  steam  in  volcanic  productions,  and  viewing  the  connexion  of 
such  agency  and  many  substances  found  in  mineral  veins,  he 
found  tiiat  when  galena  (sulphuret  of  lead)  was  gentiy  heated 
in  a  porcelain  or  ^ass  tube,  and  steam  driven  over  it,  that 
sulphuretted  hydrogen  and  sulphurous  add  were  evolved,  and 
the  ore  reduced,  and  that  if  the  lead  thus  obtained  were  wetted 
with  distilled  water,  it  was  covered  by  the  carbonate  of  lead. 
He  remarks  that  some  substances  not  known  to  us  as  evapo- 
ratinsr  at  anv  temoerature.  are  carried  off  bv  steam,  as,  for 
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example,  alica.  Artificial  sulphnret  of  alver  was  fiiund  to  be 
Tery  readily  decomposed  by  steam,  and  more  easily  so  at  a  mode- 
rate heat  At  a  temperature  under  the  melting  point  of  zinc, 
this  was  soon  efiected,  and  the  silver  effloresced  in  such  forms 
as  to  induce  M.  Gustav  Bischoff  to  r^ard  the  moss-like  and 
filamentous  occurrence  of  native  silver  in  vdns  as  very  probably 
the  result  of  the  decomposition  of  the  sulphurets.  With  req>ect 
to  sulphate  of  baryta,  usually  termed  insoluble,  and  yet  so 
frequent  in  the  vans  of  some  districts,  and  in  a  manner  to  leave 
little  doubt  that  it  has  been  deposited  from  a  solution,  he  found, 
by  experiment,  that  when  heated  water,  containing  carbonate  of 
soda  or  potash,  came  into  contact  with  it  (even  when  the  tem- 
perature was  not  much  elevated,  and  the  water  was  only  slightly 
chained  with  those  substances),  a  partial  decomposition  took 
place,  and  that  when  the  temperature  was  again  lowered,  a 
re-adjustment  was  efiected,  sulphate  of  baryta  being  again  pro- 
duced, and  the  carbonic  acid  with  which  it  was  previously 
united,  returning  to  the  soda  or  potash.  In  this  manner,  M. 
Bischoff  remarks^  baryta  may  be  separated  from  sulphuric 
acid  in  the  lower  part  of  a  vein,  where  it  could  be  exposed  to 
the  needful  heat  in  waters  containing  the  carbonates  of  sodn  or 
potash,  and  be  removed  to  a  cooler  part  of  the  vein,  and  be 
there  deposited,  again  united  with  sulphuric  acid.*  Such  de- 
compositions and  recompositions  are  evidently  most  important 
in  explanation  of  the  often  complex  contents  of  veins. 

When  we  know  that  certain  fissures  in  the  earth's  surfiuse 
result  from  dislocations  so  great  that  beds  of  rock,  once  conti- 
nuous, are  thrown  even  several  thousand  feet  distant  from  each 
other  in  the  planes  of  the  fissures,  and  vertically  to  the  strati- 
fication, the  depth  to  which  some  of  these  fissures  must  extend 
can  scarcely  have  been  otherwise  than  sufficiently  considerable 
to  afford  conditions  of  an  important  kind,  as  respects  the  heat- 
ing of  water  in  them,  and  the  consequent  solubility  of  various 
substances  not  readily  acted  upon  by  water  at  more  moderate 
temperatures,  even  to  the  solution  of  some  forming  parts  of 
the  rocks  fissured. 


*  Poggendorfs  Annales,  vol.  Iz. 
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The  experiments  of  Professor  Forchhammer  have  shown, 
though  potash  felspar,  one  so  frequent  among  granites  and 
felspar  porphyries,  may  be  exposed  to  the  action  of  boiling 
water,  imder  the  ordinary  pressure  of  the  atmosphere,  without 
obtaining  the  potash  from  it,  that  when  that  pressure  is  consi- 
derably increased,  and  the  temperature  augmented,  this  sub- 
stance is  obtained  in  solution. 

As  regards  fissures,  and  heat  at  their  greater  depths  suffi- 
ciently considerable  to  convert  water  into  steam,  even  under 
great  pressure,  it  may  occur  to  the  observer  that,  after  these 
fissures  were  produced,  many  solutions  percolating  through  the 
pores,  or  amid  the  beds  and  joints  of  the  rocks  broken  through, 
would  endeavour  to  deliver  themselves  into  them.  Where  they 
entered  any  water  in  the  cleft  and  various  solutions  in  it,  they 
would  mix  with  them,  obeying  the  same  movements  from 
difierences  of  temperature,  and  acting  upon  them,  or  being 
acted  upon,  according  to  circumstances.  Where  the  fissure 
was  only  filled  by  heated  vapours,  percolations  into  it  at  those 
depths  might  have  a  tendency  to  be  vapourized  also,  and  if  any 
of  them  contained  matters  then  rendered  insoluble,  it  might  be 
inferred  that  they  were  left  incrusting  the  sides  of  the  fissures, 
in  the  same  manner  that  stalactitic  incrustations  of  carbonate 
of  lime  cover  the  sides  of  caves  and  fissures  when  the  water  is 
evaporated,  and  the  carbonic  acid,  rendering  the  carbonate  of 
lime  soluble,  is  removed. 

Having  considered  the  fissures  with  reference  to  waters 
dispersed  amid  rocks,  and  finding  their  way  into  them,  as 
would  happen  when  they  rose  to  the  surface  of  dry  land,  or 
were  opened  out  only  to  situations  where  they  did  not  reach 
any  considerable  superincumbent  volumes  of  water,  the  geolo- 
gist should  direct  his  attention  to  the  conditions  which  would 
obtain  when  these  fissures  rose  to  the  bottom  of  the  sea,  either 
wholly,  or  so  that  the  sea  waters  could  readily  rush  into  the 
clefts  formed  partly  through  dry  land  and  partly  under  the  sea. 
While,  looking  at  the  present  distribution  of  land  and  sea  on 
the  surface  of  the  earth,  many  long  and  important  fissures 
could  be  placed  under  the  conditions  first  noticed,  a  large 
proportion  would  be  expected  to  occur  beneath  the  sea,  unde^ 
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those  last  mentioned.  If  a  &,  io  the 
annexed  section  (fig.  285),  be  the  level  , 
of  the  sea;  a  c  aod  b  d,  depths  of  water; 
e  «,  rocks,  such  as  argiUaceons  slates, 
resting  upon  or  raised  up  by  gramte,  ^^ 
//]■  and  A,  a  fissure  trayersiBg  the  *  ^p 
whole,  and  opening  to  the  sea  water  ,  ^^  _ 
aboTe,  the  latter  would  rush  into  the  ^^^^':'-\ 
cleft  or  dcfls  at  the  prolongation  of  the 
fissure  to  the  sea  bottom,  descending  as  /  ':.' 
far  as  any  tempentnre  in  the  cleft 
would  permiL  It  may  be  assumed,  for  \  ~ 
illustratiDn,  that,  whatever  may  have 
been  the  efiects  of  the  first  communica- 
tion between  considerable  depths  and  '-^ 
the  sur&ce  9f  the  bottom  of  the  sea, 
a  time  would  come  when  the  sea  water 
could  enter  the  fissure,  unless  any 
outflow  of  waters  reaching  it  from  the 
rocks  traversed  could  prevent  it  In 
certain  situations,  obstructing  conditions  , 
of  this  kind  mig^t  exist,  the  fissures 
answering  the  purpose  of  art«sian  wells  to  large  tracts  <^ 
country.  Taking,  however,  the  conditions  to  be  such  as  to 
permit  the  entrance  of  the  sea  water,  and  that  at  some  depth, 
such  as  1 1,  the  water  was  converted  into  steam,  notwithstanding 
any  pressure  there  might  there  be,  the  saline  solutions,  chloride 
of  sodium  constituting  the  important  portion  of  them  (p.  16)i 
would  be  left  to  be  dealt  with  according  to  the  temperatore 
existing  at  *  s,  acted  upon  by  any  vapours  rising  from  beneath, 
A,  where  a  sljll  higher  temperature  might  prevail.  The  produc- 
tion of  chlorides  of  a  volatile  kind,  such  as  those  of  copper,  and 
others,  might  thence  take  place  to  a  considerable  extent,  such 
chlorides  again  changed  into  other  combinations  in  the  hi^i^ 
parts  of  the  fissures.* 

■  M.  filie  dt  Besnmoat  reinsrki  (Note  tor  la  Smuuitioiu  Volaniqnci  el 
fullirires)  that  "  iron  u  ■  chloride,  often  changiag  into  peroxide  (tpeenlar 
tn,  ftr  oligiiic),  u  among  tbe  dmu  abatidaiii  of  die  nbitaiioa  deriTol  fttn 
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When  fissures  are  regarded  as  of  depths  so  considerable  as 
to  extend  to  such  elevated  temperatures,  the  geologist  can 
scarcely  fail  to  turn  to  the  evidence  respecting  fissures,  and  the 
heated  gaseous  substances  discharged  from  them,  during  eartli- 
quakes^  whether  these  may  traverse  volcanic  regions  now  exhi- 
biting activity,  or  show  no  immediate  connexion  with  them,  and 
to  observe  the  emanations  which  take  place  from  volcanic  vents 
themselves,  since  from  such  sources  of  communication  between 
the  interior  and  exterior  parts  of  the  earth,  evidence  would  be 
expected  as  to  the  substances  vapourized  by  heat  beneath,  and 
discharged  upwards.  Neither  would  he  neglect  the  contents  of 
thermal,  or  as  as  most  of  them  are  termed,  mineral  springs, 
since  so  many  appear  only  to  be  the  condensation  of  vapours 
and  gases  effected  in  portions  of  fissures,  when  the  temperature 
becomes  sufficiently  lowered.  With  respect  to  the  vapours  and 
gaseous  substances  thus  discharged  from  volcanos  and  found  in 
mineral  waters,  M.  Elie  de  Beaumont  has  pointed  out,*  that 
the  substances  contained  alike  in  them  and  in  mineral  veins, 
may  be  taken  as  19,  viz.,  potassium^  sodium,  calcium^  alumi" 

▼olcanic  emanatioiiB.  Oxidulated  iron  is  commonly  disseminated  in  the  lavas 
ejected  from  Tolcanos,  and  it  cannot  be  doobted  that  it  exists  in  the  lavas  con- 
solidating in  subterranean  cavities.  Iron  in  the  form  of  an  oxide  or  chloride  is 
necessarily,  therefore,  deposited  in  the  fissures  which  volcanic  emanations 
traverse  before  they  reach  the  sarface.*'  M.  £lie  de  Beaumont  also  points  out 
copper  as  among  volcanic  emanations,  and  it  may  be  observed,  that  chloride  of 
copper  is  readily  vapourized. 

*  Note  sur  les  &nanations  Volcaniques  et  Mctallif<^res  (Bulletin  de  la  Soc. 
G^l.  de  France,  2nde  s^rie,  t.  iv.,  p.  1249,  1847),  wherein,  under  this  simple 
title,  a  mass  of  important  information  will  be  found  bearing  on  this  subject 

Adverting  to  the  various  hypotheses  which  have  been  formed  to  account  for 
the  filling  up  of  mineral  veins,  M.  £lie  de  Beaumont  remarks,  that  the  one 
"  which  attributes  ordinary  mineral  veins  to  emanations  in  the  form  of  vapours 
and  to  mineral  waters,  enables  us  to  comprehend  the  varied  fiicts  observable  in 
mineral  veins,  especially  the  development  of  those  chemical  affinities  which 
have  long  been  observed  as  influencing  the  manner  in  which  the  metals  are 
associated.  Substances  which  are  usually  associated  have  much  in  common 
between  them,  and  otlen  exhibit  properties  altogether  analogous.  Nickel  and 
cobalt,  so  often  found  together,  much  resemble  each  other  in  their  properties, 
and  the  same  with  iron  and  manganese.  Antimony  and  arsenic,  the  properties 
of  which  are  so  analogous,  occur  in  a  similar  manner,  and  are  frequently  asso- 
ciated. Silver  and  lead  have  much  in  common,  and  are  very  frequently  united 
in  veins.  It  is  rare  to  find  silver  unaccompanied  by  lead,  and  this  scarcely 
happens  except  when  the  silver  occurs  native  or  as  a  chloride,  two  states  of 


772  FKBQTJKNT  OCCURRENCB  OF  SULPHUR,  ARSENIC  BTC, 

niuniy  manffanese,  iron,  cobalt,  lead,  coj/per,  hydrogeny  sUtcon, 
carbon,  boron,  arsenic^  nitrogen,  selenium,  sulphur,  oxygen,  and 
chlorine.  The  substances  found  in  mineral  waters  and  reins, 
and  not  hitherto  noticed  in  volcanic  emanations,  he  notices  as 
lithium^  barium^  strontian,  magnesium,  phosphorus^  iodine,  bro^ 
mine,  Bndjluarine.* 

When  the  observer  thus  directs  his  attention  to  the  conse- 
quences which  may  arise  from  the  production  of  fissures, 
extending  to  portions  of  the  earth  where,  either  from  any 
inferred  high  temperature  at  considerable  depths  in  our  planet 
itself,  or  certain  conditions  for  great  heat  in  portions  of  it,  such, 
for  example,  as  the  source  of  that  in  volcanic  regions,  when 
supposed  independent  of  the  former,  he  should  bear  in  mind 
that,  of  the  substances  occupying  the  interior  of  the  earth, 
beyond  such  slight  depths  as  the  reasoning  respecting  the 
thicknesses  of  various  rock  depodts  renders  probable,  nothing 
is  known,  except  that  their  density,  as  a  whole,  must  be  much 
greater  than  that  of  the  rocks  at  the  siirface,  since,  according 
to  Laplace,  the  mean  density  of  the  earth  is  1  *  55,  while  that  of 
its  solid  surface  is  only  1.  The  mass  of  substances  forming  the 
solid  surface  of  the  earth  are  oxides,  those  which  are  not  of 
that  character  are  very  limited,  and  it  is  not  a  little  interesting 
to  find  the  latter,  to  a  great  extent,  in  the  fissures  under 
consideration,  or  so  disposed  as  readily  to  have  entered  the 
cavities  of  deposits  after  their  accumulation,  there  forming 
combinations  other  than  oxides,  from  conditions  prevailing  in 
these  deposits,  or  to  have  been  included  amid  the  igneous  rocks 
thrown  up  from  beneath.  As  respects  the  frequent  occur* 
rence  of  certain  of  the  metals  with  sulphur,  arsenic,  and  other 


Bilver  which  most  differ  from  the  corresponding  oouditions  of  lead.  It  is  stiU 
more  rare  to  find  lead  which  is  not  argentiferous,  the  most  wide-spread  ore  of 
lead  being  the  salphuret,  the  properties  of  which  are  very  analogous  with  the 
salphuret  of  silver.  Lead  and  zinc,  the  snlphnrets  of  which  possess  aoalogoas 
properties,  are  found  associated  together  in  the  form  of  galena  and  bUade ;  and 
the  same  facts  are  observable  in  the  great  family  of  metals  occurring  in  the 
stanniferous  veins,  such  as  tin,  tungsten,  tantalium,  ^c" 

*  With  respect  to  the  substances  contained  in  mineral  waters,  M.  £lie  de 
Beaumont  mentions  that  he  has  taken  them  from  the  works  of  many  chemists^ 
and  especially  from  those  of  MM.  Berzelius,  Bischoff,  and  Kopp. 
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substances,  which  have  been  termed,  with  reference  to  their 
occurrence  in  veins,  mineralizers,  their  frequent  combinations 
with  these,  under  conditions  that  may  often    be  inferred  as 
those  which  governed  their  original  deposit  in  mineral  veins, 
secondary  actions  having  effected  subsequent  modifications  and 
changes,   is  highly  interesting.     M.  Elie  de  Beaumont  has 
remarked,  when  treating  of  an  initial   volatilization  of  the 
metallic  substances  found  in  veins,  that  this  hypothesis  agrees 
with  the  fact  that  the  metals,  properly  so  called,  are  found  in 
them  much  less  frequently  combined  with  oxygen  than  with 
sulphur,   selenium,  arsenic,  phosphorus,  antimony,  tellurium, 
chlorine,  iodine,  and  bromine.     "These  substances,"  he  ob- 
serves, "  are  not  only  in  general  volatile,  as  well  as  bismuth, 
which  often  accompanies  them,  but  they  have  likewise  the  pro- 
perty of  rendering  many  of  those  with  which  they  combine  also 
volatile.     It  is  difficult  to  believe,  that  this  property  has  not 
acted  a  part  in  the  filling  of  the  veins."*   We  should  expect  to 
find  in  the  contents  of  fissures,  or  in  cavities  communicating  with 
them,  or  disseminated  aniid  such  portions  of  rocks  as  may  be 
inferred  to  have  presented  the  ready  means  for  the  introduction 
of  mineral  matter  from  them,  some  substances  not  common  else- 
where, and  under  forms  and  combinations  often  of  a  peculiar 
kind,  as  well  as  those  with  which  we  may  be  familiar,  as  more 
or  less  forming  the  component  paxts  of  rocks  generally,  though 
these  also  may  be  sometimes  discovered   under  new  combi- 
nations.   The  geologist  would  expect  also  to  find  numerous 
compound  substances  which  he  might  refer  to  the  reactions  of 
certain  prior  combinations,  and  to  the  readjustment  of  their 
component  parts,  according  to  the  governing  conditions  of  the 
time. 

With  reference  to  slow  secondary  electrical  action,  caused 
by  feeble  currents,  M.  Becquerel  pointed  out,  many  years 
since  (1885),  that  various  compounds  are  produced  which  are 
not  formed  by  the  usual  kind  of  experimental  investigations, 

*  *'  These  bodies/'  continues  M.  tWe  de  Beaumont, ''  are,  at  the  same  time, 
those  found  among  volcanic  emanations,  and  also  in  thennal  springs,  and  their 
presence  in  the  veins  contributes  to  corroborate  the  relations  previouslj  noticed 
as  ezistinff  between  these  veins,  volcanic  emanations,  and  mineral  waters." 
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niumy  manganese,  iron,  cobalt,  lead,  coj^per,  hydrogen,  silicon^ 
carbon,  boron,  areenic,  nitrogen,  selenium,  sulphur,  oxygen,  and 
chlorine.  The  substances  found  in  mineral  waters  and  yeins, 
and  not  hitherto  noticed  in  volcanic  emanations,  he  notices  as 
lithium^  barium^  strontian^  magnesium^  pliosphorusy  iodine,  bro^ 
mine,  and  Jluorijie,* 

When  the  observer  thus  directs  his  attention  to  the  conse- 
quences which  may  arise  from  the  production  of  fissures, 
extending  to  portions  of  the  earth  where,  either  from  any 
inferred  high  temperature  at  considerable  depths  in  our  planet 
itself,  or  certain  conditions  for  great  heat  in  portions  of  it,  such, 
for  example,  as  tiie  source  of  that  in  volcanic  regions,  when 
supposed  independent  of  the  former,  he  should  bear  in  mind 
tiiat,  of  the  substances  occupying  the  interior  of  the  earth, 
beyond  such  slight  depths  as  the  reasoning  respecting  the 
thicknesses  of  various  rock  deposits  renders  probable,  nothing 
is  known,  except  that  their  density,  as  a  whole,  must  be  much 
greater  than  that  of  the  rocks  at  the  surface,  since,  according 
to  Laplace,  the  mean  density  of  the  earth  is  1  *  55,  while  that  of 
its  solid  surface  is  only  1.  The  mass  of  substances  forming  the 
solid  surface  of  the  earth  are  oxides,  those  which  are  not  of 
that  character  are  very  limited,  and  it  is  not  a  little  interesting 
to  find  the  latter,  to  a  great  extent,  in  the  filssures  under 
consideration,  or  so  disposed  as  readily  to  have  entered  the 
cavities  of  deposits  after  their  accumulation,  there  forming 
combinations  other  than  oxides,  from  conditions  prevailing  in 
these  deposits,  or  to  have  been  included  amid  the  igneous  rocks 
thrown  up  from  beneath.  As  respects  tiie  frequent  occur- 
rence of  certain  of  the  metals  with  sulphur,  arsenic,  and  other 


Bilyer  which  most  differ  from  the  corresponding  conditions  of  lead.  It  is  stiH 
more  rare  to  find  lead  which  is  not  argentiferoos,  the  most  wide-spread  ore  of 
lead  being  the  sulphurett  the  properties  of  which  are  very  analogous  with  the 
snlphuret  of  silver.  Lead  and  zinc,  the  snlphnrets  of  which  possess  analogous 
properties,  are  found  associated  together  in  the  form  of  galena  and  blende ;  and 
the  same  facts  are  observable  in  the  great  family  of  metals  oeearring  in  the 
stanniferous  veins,  snch  as  tin,  tungsten,  tantalium,  ^c" 

*  With  respect  to  the  substances  contained  in  mineral  waters,  M.  £lie  de 
Beaumont  mentions  that  he  has  taken  them  from  the  works  of  many  chenustSy 
and  especially  from  those  of  MM.  Berzelias,  Bisohoff,  and  Kopp. 
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subetances,  which  have  been  termed,  with  reference  to  their 
occurrence  in  veins,  mineralizers,  their  frequent  combinations 
with  these,  under  conditions  that  may  often    be  inferred  as 
those  which  governed  their  original  deposit  in  mineral  veins, 
secondary  actions  having  effected  subsequent  modifications  and 
changes,   is  highly  interesting.     M.  Elie  de  Beaumont  has 
remarked,  when  treating  of  an  initial   volatilization  of  the 
metallic  substances  found  in  veins,  that  this  hypothesis  agrees 
with  the  fact  that  the  metals,  properly  so  called,  are  found  in 
them  much  less  frequently  combined  with  oxygen  than  with 
sulphur,   selenium,  arsenic,  phosphorus,  antimony,  tellurium, 
chlorine,  iodine,  and  bromine.     "These  substances,"  he  ob- 
serves, "  are  not  only  in  general  volatile,  as  well  as  bismuth, 
which  often  accompanies  them,  but  they  have  likewise  the  pro- 
perty of  rendering  many  of  those  with  which  they  combine  also 
volatile.     It  is  difficult  to  believe,  that  this  property  has  not 
acted  a  part  in  the  filling  of  the  veins."*   We  should  expect  to 
find  in  the  contents  of  fissures,  or  in  cavities  communicating  with 
them,  or  disseminated  aniid  such  portions  of  rocks  as  may  be 
inferred  to  have  presented  the  ready  means  for  the  introduction 
of  mineral  matter  from  them,  some  substances  not  common  else- 
where, and  under  forms  and  combinations  often  of  a  peculiar 
kind,  as  well  as  those  with  which  we  may  be  familiar,  as  more 
or  less  forming  the  component  paxts  of  rocks  generally,  though 
these  also  may  be  sometimes   discovered   under  new  combi- 
nations.   The  geologist  would  expect  also  to  find  numerous 
compound  substances  which  he  might  refer  to  the  reactions  of 
certain  prior  combinations,  and  to  the  readjustment  of  their 
component  parts,  according  to  the  governing  conditions  of  the 
time. 

With  reference  to  slow  secondary  electrical  action,  caused 
by  feeble  currents,  M.  Becquerel  pointed  out,  many  years 
since  (1835),  that  various  compounds  are  produced  which  are 
not  formed  by  the  usual  kind  of  experimental  investigations, 

*  "  These  bodies,"  condnaes  M.  flie  de  Beaumont,  "  are,  at  the  same  time, 
those  found  among  volcanic  emanations,  and  also  in  thermal  springs,  and  their 
presence  in  the  veins  contributes  to  corroborate  the  relations  previooslj  noticed 
as  existins  between  these  veins,  volcanic  emanations,  and  mineral  waters." 
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disunited  elements  being  presented  to  each  other  in  a  nascent 
state,  one  highly  £ivourable  to  such  productions.*  He  ob- 
served that  substances,  commonly  termed  insoluble,  became 
crystallized,  because  the  electrical  action  being  slow,  the  che- 
mical action  was  slow  also,  so  that  the  component  molecules 
had  time  to  arrange  themselyes  according  to  the  laws  goreming 
crystallization,  an  advantage  not  obtained  when  the  chemical 
forces  have  more  intensity.  M.  Becquerel  produced  various 
minerals  by  means  of  these  secondary  actions,  such  as  the 
oxides  of  copper  and  zinc,  the  sulphurets  of  silver,  copper,  tin, 
lead,  iron,  &c.t  The  action  of  bodies  upon  each  other,  as 
shown  in  the  experiments  of  M.  Becquerel,  so  that  after  the 
production,  and  even  crystallization,  of  some  substances,  they 
were  again  decomposed  by  the  new  action  then  set  up  among 
them,  appears  to  have  an  important'  bearing  upon  the  filling, 
and  modifications  of  the  contents  of  fissures  and  cavities.^  He 
concluded,  firom  his  experiments,  ^'  that  to  obtain  an  insoluble 
crystallized  substance    by  electro*chemical    reactions,    it   is 


*  Traits  Experimental  de  TElectricit^  et  do  Mago^titme,  Puis,  1835.  M. 
Becquerel  there  remarked  (t.  iii.,  p.  295),  that  **  it  coold  not,  for  a  long  time, 
be  conoeived  how,  with  apparently  feeble  electrical  forces,  strong  affinities 
conld  be  OTcrcome  in  order  to  decompose  bodies  and  produce  new  combinations ; 
it  being  considered  that  the  action  of  more  or  less  energetic  earrents  should 
always  be  employed.  As  soon,  howeirer,  as  the  electrical  eflects  which  take  place 
in  chemical  action  had  been  analyzed,  it  became  clear  that  the  same  end  might 
be  obtained  by  skilfully  employing  these  effects.  It  can  be  readily  understood, 
that  when  any  voltaic  couple  is  plunged  into  a  solution  which  reacts  on  one  of 
the  elements  of  this  couple,  the  particles  of  the  solution,  the  moment  they  are 
brought  into  play  by  the  operation  of  chemical  action,  are  then,  being  in  a 
nascent  state,  in  the  most  fiEtvourable  condition  for  obeying  the  action  of  the 
electric  current  produced  by  the  couple." 

t  The  obsenrer  will  find  much  to  interest  him,  bearing  on  the  subject  of 
mineral  reins,  in  those  experiments  in  which  M.  Becquerel  employed  a  bent 
tube  in  the  form  of  a  U,  with  clay  moistened  at  the  bottom,  thus  separating 
it  into  two  portions,  in  which  solutions  were  placed  to  be  acted  upon,  wires 
being  introduced  to  form  the  voltaic  circuit ;  as  also  in  those  in  which  he  placed 
substances  in  a  tube,  afterwards  hermetically  sealed,  so  that  they  formed  Y<dtaio 
circuits  in  the  tube  itself,  the  substances  acting  upon  each  other. 

X  M.  Becquerel  remarks,  after  describing  some  substances  obtained  by  his 
experiments,  "that  all  the  chemical  actions  which  led  to  these  compc^nds, 
could  only  haye  arisen  from  certain  electrical  influences  possessing  littie  energy  ; 
for  if  we  operate  with  apparatus  the  action  of  which  is  too  Strang,  all  the 
elements  are  isolated,  and  no  combination  is  possible." 
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sufficient  to  make  it  combine  with  another  which  is  soluble, 
nd  afterwards  operate  by  means  of  very  slow  decomposi- 
tion."* 

In  1830,  Mr.  Robert  Were  Fox  commenced  a  series  of 
experiments  in  the  mines  of  Cornwall,  to  ascertain  the  electro- 
magnetic properties  of  the  mineral  veins  of  that  metalliferous 
districtt  In  1837  he  treated  the  connexion  of  electricity 
and  mineral  veins  more  at  length,  chiefly  referring  to  the  veins 
in  Cornwall,}  observing,  with  respect  to  the  present  condition  of 
mineral  veins,  that  he  found,  ^'by  an  examination  of  water 
taken  from  different  mines,  and  from  various  parts  of  the  same 
mine,  that  difierent  varieties  of  saline  solutions  now  exist  in 
neighbouring  strata."  In  many  instances  the  proportion  of 
foreign  matter  in  the  water  was  very  small,  whilst  in  others  it 
was  very  considerable ;  "  but  I  have  not,"  he  adds,  "  yet 
tried  any  mine-water  that  would  not  produce  very  decided 
electrical  action,  when  the  native  sulphuret  of  copper,  or  of 
copper  and  iron  (copper  pyrites)  were  plunged  into  it,  and  the 
voltaic  circuit  was  completed.  The  very  superior  conducting 
power  of  the  saline  water  in  the  fissures,  in  relation  to  the 
merely  moistened  rocks,  would  always  tend  to  supersede  the 
transfer  of  electricity  more  or  less  through  the  latter.  The 
contact  of*  large  surfaces  of  rock^  clay,  &c.,  with  water,  differ- 
ing in  its  saline  contents  from  them,  must  also  have  been  an 
efficient  cause  of  electrical  excitement,  and  it  should  not  be 
forgotten  that  the  circulation  of  water  would  be  liable  to  very 
frequent  changes  of  velocity,  in  consequence  of  obstruction  in 
the  fissures  or  their  occasional  enlargement,  so  that  the  con* 


"^  Traits  de  TElectricit^,  t.  iiU  P-  298.  It  is  remarked,  respecting  tmncations 
of  the  crystals  of  certain  doable  chlorides  obtained  in  some  of  the  experiments, 
thatt  ui  the  beginning,  the  crystals  are  perfectly  formed ;  **  but  that  when  the 
apparatus  has  been  in  action  for  a  long  time  truncations  of  the  angles  are 
gradually  produced ;  whence  it  seems  to  follow,  that  when  the  particles  of  the 
crystallising  substance  are  less  abundant,  the  force  which  determines  the 
regular  grouping  of  them  has  no  longer  sufficient  energy  to  complete  the 
crystal." 

t  Philosophical  Transactions,  1830. 

I  "  Observations  on  Mineral  Veins ;"  Report  of  the  Royal  Polytechnic  Society 
of  ComwaU  for  1836;  Falmouth,  1837. 
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tents,  as  well  as  tbe  temperature  of  the  water,  would  be 
subject  to  many  modifications."* 

The  contents  of  fissures  and  cavities  through,  and  in  rocks, 
will  not  long  have  engaged  the  attention  of  an  observer  before 
he  will  find  that  in  those  districts  where  the  ores  of  the  useful 
metals  are  worked,  there  is  not  unfrequently  a  marked  asso- 
ciation of  dissimilar  rocks,  one  or  more  of  them  being  often 

*  fiobert  Were  Fox;  Report  of  the  Comwall  Polytechnic  Sodety  for  1836 ; 
Falmouth,  1837,  p.  110. 

Adopting  the  view  of  M.  Ampere,  that  the  directioa  of  terrestrial  magnetism 
is  doe  to  tbe  drcnlation  of  carrents  of  electridty  fnaxk  east  to  west  roond  the 
globe,  Bir.  Fox  considers,  that  "  if  fissures  happened  to  haye  oppo^te  horixontal 
bearings,  and  were  equally  filled  with  water  charged  with  saline  matter,  the 
electric  currents  would  be  determined,  in^preferenoe,  through  such  of  them  as 
nearly  approximated  to  the  magnetic  east  and  west  pointi  at  the  time."  The 
consequence,  he  conceives,  would  be  the  decomposition  of  the  saline  substances, 
and  the  determination  of  the  metals  or  base  to  the  electro-negative,  and  the  acids 
to  the  electio-positive  rock.  "  However  slow,"  he  remarks,  **  this  process  at 
first  may  have  been,  the  deposition  of  the  metals  would  cause  it  to  become  more 
and  more  energetic.  The  metals  and  metalliferous  deposits  would,  likewise, 
react  on  each  other,  and  give  rise  to  new  combinations  and  arrangements  till 
they  arrived  at  a  state  of  comparative  equilibrium.  This  may  be  said  to  be 
very  much  the  case  with  the  lodes  (minend  veins)  at  present,  as  most  of  the  ores 
which  are  capable  of  conducting  electricity  very  nearly  approximate  to  each 
other  in  the  electrical  scale,  being  more  electro-negtitive  than  silica,  and  many 
of  them  as  much  so  as  platina ;  indeed,  the  grey  oxide  of  manganese  and  the 
lodestone  are  electro-negative  in  a  still  higher  degree.  Arsenical  pyrites,  iron 
pyrites,  and  copper  pyrites  hold  rather  a  high  place  in  the  scale,  and  are  electro- 
negative with  respect  to  purple  copper  and'  galena,  but  especially  to  the  sol- 
phuret  or  vitreous  copper  ore,  which  will  produce  a  very  decided  action  on  the 
galvanometer  when  connected  in  the  voltaic  circuit  with  copper  or  iron  pyrites." 
—P.  113. 

M.  Becquerel  considers  (Traits  de  TElectricit^,  t.  v.,  pp.  163,  164),  that  at 
a  certain  depth  in  the  earth  a  multitude  of  electric  currents  exist,  with  very 
dififerent  directions,  the  general  result  of  which  would  produce  an  action  on  the 
magnetic  needle.    He  infers,  that  these  are  produced  by  the  permanent  commu- 
nication kept  up  by  numerous  fissures  through  which  sea  waters  percolate  either 
to  the  metals  of  the  earths  and  alkalis,  or  to  metallic  chlorides,  causing  the  metals 
to  take  negative  electricity,  and  the  steam  or  other  vapours  positive  electricity. 
A  part  of  the  latter  electricity,  he  considers,  would  be  carried  into  the  atmo- 
sphere by  volcanic  eruptions,  and  the  other  would  tend  to  combine  with  the 
negative  electricity  of  the  bases,  by  passing  through  all  the  conducting  bodies 
which  established  the  communication  between  the  metals  or  their  chlorides  in 
'e  solid,  liquid,  or  gaseous  substances  that  filled  the  fissures.    Hence,  he  ob- 
rves,  a  number  of  partial  electrical  currents  would  circulate  in  the  interior  of 
5  globe,  producing  electro-chemical  reactions,  of  which  we  cannot  appreciate 
;  whole  extent,  but  which  certainly  would  give  rise  to  numerous  compounds. 
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of  igneous  origin.  This  condition  is  far  from  being  constant ; 
at  the  same  time  it  is  one  which  has  long  engaged  the  attention 
of  miners,*  and  in  some  mining  countries,  much  importance  has 
been  attached  to  its  practical  bearings.  In  the  same  countries 
also  long  experience  has  shown  the  miner  that  the  ores  he  seeks 
are  more  likely  to  be  found  amid  or  against  certain  rocks  than 
others,  though  the  fissures  in  which  they  are  found  traverse 
several  different  kinds  or  modifications  of  rocks.  It  is  very 
desirable  that  an  observer  should  collect  all  facts  of  this  kind, 
however  ill-arranged  they  may  sometimes  be  by  those  from 
whom  he  may  derive  them,  and  however  needful  their  proper 
classification,  from  personal  research,  subsequently.  At  the 
contact  of  certain  granites  with  other,  and  for  the  most  part, 
sedimentary  rocks,  and  especially  where  there  may  have  been 
some  modification  or  alteration  of  the  latter  from  the  intrusion 
of  the  former,  fissures  traversing  them  are  often  found  produc* 
tive  of  the  ores  of  the  useful  metals,  sufficiently  abundant  to  be 
worked,  provided  the  districts  generally  are  metalliferous.  In 
other  words,  such  conditions,  in  a  metalliferous  district,  are  not 
uncommonly  those  under  which  the  ores  are  the  most  abundant. 
In  the  mining  districts  of  Cornwall  and  Devon  the  fissures 
through  the  junctions,  or  the  vicinity  of  the  junctions  of  the 
granite  aiid  schistose  rocks,  in  those  localities  which  may  be 
termed  meta]liferous,f  have  been  found  to  produce  much  ore, 
often  not  in  the  least  quantity  when  they  also  traverse  dykes, 
or  channels  as  they  are  locally  termed,  of  the  porphyries  and 

*  This  somewhat  common  association  of  igneous  rocks  has  also  long  since  en- 
gaged the  attention  of  geologists.  Professor  Necker  adduced  abundant  evidence 
on  this  head  in  1832  and  1833  (Proceedings  of  the  Geological  Society  of  London, 
March,  1832,  toI.  i.,  p.  392,  and  Jameson's  Edinburgh  Philosophical  Journal, 
1838).  He  thence  inferred  the  filling  of  metalliferous  veins  by  means  of  sub- 
limation. 

The  observer  will  find  the  connexion  of  igneous  rocks  and  mineral  veins 
treated  by  M.  j^lie  de  Beaumont  with  precision  and,  at  the  same  time,  with 
ample  detail,  in  his  '<  Note  sur  les  Emanations  Volcaniques  et  Metalliferes. — 
Bulletin  de  la  Society  de  France,  1847,  2nde  serie,  t.  iv. 

f  In  illustration  of  the  different  distribution  of  chiefly  metalliferous  districts 
into  which  some  areas,  not  unproductive  of  the  useful  metals,  are  sometimes 
naturally  divided,  it  may  be  useful  to  mention,  that  Cornwall  and  Western 
Devon  may  be  separated  into  six  chief  metalliferons  districts.     1.  That  r 
Tayistock  (including  Dartmoor,  and  the  mining  country  of  Callington  r 
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granitic  rocks  known  as  elvatu  (p.  650).  Those  irregtilar  accn- 
mulations  of  ore  usually  tenned  htnchet  are  often  found  at  the 
junction  of  granite  and  gchigtoae  rocke.  In  illustration  also  of 
the  occurrence  of  similar  accumulations  of  either  tin  or  copper 
ores,  in  the  same  miuing  country,  when  a  fissure  trarerang 
schistose  and  porphyritic  dykes  (elvans),  passes  through  the 
latter,  the  following  section  (fig.  286),  across  the  lode  at  Wheal 

ng.  886. 


Alfred,  Gwinear,  may  be  useful.  The  elvan  dyke,  a  b,  is  about 
300  feet  thick,  having  a  direction  about  N.E.  and  S.W.,  and 
dipping  at  about  an  angle  of  45'  northerly.  The  lode  c  d, 
dipping  at  an  angle  of  72"  to  the  north,  traverses  the  elvan, 
a  b,  obliquely  in  its  descent,  at  ef.  While  the  fissure  tra- 
versed the  upper  and  adjoining  slate,  on  the  north,  no  great 
amount  of  ore  was  obtained,  but  upon  entering  the  elvan  it 
became  more  rich,  and  while  passing  through  that  rock,  the  ore 
was  found  to  be  so  abundant  as  to  afford  a  considerable  pro6t* 
After  quitting  the  elvan  at  /,  in  its  descent,  and  entering  the 
slate  beneath,  on  the  south,  the  tode  became  poor,  and  even- 
tually the  mine  was  abandoned  from  the  scarcity  of  ore,  the 
amount  of  it  in  the  depths  not  repaying  tJie  cost  of  raising.f 

Ijukiaghome) ;  i,  that  of  St.  Aiutell  (m!:lading  the  gnnitia  man  of  Hei»- 
borrow,  and  its  icbiitoae  skirti) ;  3,  the  St  Ague*  diEtrict ;  4,  that  of  Gweimtji, 
Bednith,  aad  Camborne ;  S,  that  of  Breagoe,  Haraiion,  and  Gwinear ;  utd  G, 
the  district  of  St  Jost  and  St.  Itc*,  compriiiDg  the  granitic  coontrj  between 
these  two  places. 
•  Those  engaged  in  this  mine  reaped  a  proSt,  it  is  stated,  of  IM.OOCL  at  that 
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The  connexion  of  bunches  of  tin  and  copper  ores  in  fissures 
where  these  traverse  elvan  dykes,  viewing  the  subject  gene- 
rally, is  well  known  practically  to  the  Cornish  miners,  and 
its  importance,  as  regards  the  abundant  and  profitable  con- 
tents of  the  mineral  veins  in  that  metalliferous  land,  can  be 
conveniently  studied  in  many  places.*  An  observer  may  some- 
times find  it  remarked  that  a  lode  is  split  up  into  strings  upon 
its  entrance  into  an  elvaii,  and  it  may  also  be  stated  that  it  is 
thence  impoverished.  Usually,  however,  when  the  facts  are 
well  investigated,  it  appears  in  such  cases  that  the  ore  itself 
continues  sufficiently  abundant,  occasionally  even  more  abundant, 
though  so  divided  into  strings,  branching  amid  fractured  and 
highly  separated  portions  of  the  elvan,  as  not  to  be  so  profitably 
worked  as  previously.  If  elvans  have  been  divided  into  joints, 
as  often  seems  to  have  been  the  case  before  the  formation  of  the 
fissure  traversing  it  and  the  adjoining  rocks,  it  would  probably 
happen  that  upon  passing  through  them  from  these  adjoining 
and  less  divided  rocks,  such  joints  would  be  the  courses  through 
which  the  force  producing  the  general  fissure  would  act,  multi- 
plying the  parts  of  the  general  fracture  in  the  elvan,  so  that 
when  filled  subsequently  by  mineral  matter,  the  vein  should 
appear  split  up  into  strings  where  the  elvan  occurred.  If,  as 
in  the  annexed  section  (fig  287.),  a  country  composed  of  slate 

Fir.  287. 


a  bj  he  traversed  by  an  elvan  dyke,  c  cf,  having  a  jointed 
structure,  and  a  fracture,  e  f^  be  made  across  the  whole,  it 
would  be  expected  that  where  the  fissure  was  effected  across 
the  jointed  elvan  dyke,  the  solids  formed  in  the  latter  by  the 

*  If  the  oteenrer  wiU  direct  his  attentioD  to  the  Geological  Survey  Map  of 
Cornwall,  he  wiU  find  numeroiu  examples  of  the  intersection  of  elyan  dykes 
and  mineral  veins.  The  per  centage  of  cases  is  considerable  in  which  Uiese 
intersections  are  accompanied  by  bunches  of  ore  in  fkir  quantities. 
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joints  would  be  much  dislocated,  so  that  when  the  complicated 
fracture  was  subsequently  filled  by  mineral  maimer^  viewing 
such  contents  and  their  course  alone,  as  is  commonly  the  custom 
m  mining  countries,  the  vein  would  be  considered  as  split  into 
strings  at  i  g. 

The  mineralogical  modification  of  the  yarious  rocks  in  metal<> 
liferous  districts,  very  commonly  bearing  the  same  names,  is 
also  a  subject  of  no  slight  anxiety  on  the  part  of  the  miner, 
since,  from  experience  in  such  districts,  he  finds  that  when  it 
presents  certain  characters  his  chances  of  success  as  to  the 
occurrence  of  the  ores  he  seeks,  are  considerably  increased. 
Thus,  in  Cornwall  or  Devon,  he  usually  prefers  a  granite  or 
elvan  which  is  to  a  certain  extent  decomposed.  The  particular 
character  of  the  various  kinds  of  the  schistose  rocks  and  the 
harder  beds  associated  with  them,  are  also  carefully  noted,  and 
from  experience,  some  kinds,  when  forming  the  walls  of  the 
fissures,  are  known  to  carry  more  ore  than  the  others,  while 
some  again  are  regarded  as  unfavourable.*     In  districts  where 

"^  As  we  have  elsewhere  stated  (Report  oq  the  Geology  of  Cornwall,  &c^ 
1839)y  in  Gwennap  (Cornwall)  the  more  experienced  miners  seem  to  prefer 
those  argillaceoos  beds  which  accompany  the  red  or  variegated  slates  of  the 
district,  and  which  have  a  fine  grain  and  a  blue-grey  colour.  Respecting  the 
Talue  of  the  red  beds  themselves,  opinions  somewhat  differ.  Mr.  Came  states^ 
that  when  the  copper  lodes  in  Gwennap  intersect  the  red  beds  they  become 
unproductive,  an  immediate  change  taking  place  when  they  pass  beyond  them 
into  another  slate.  In  most  lodes  the  miners  have  their  favourite  kind  of  rock 
or  country t  so  that  the  whole  tendency  of  their  experience  goes  to  show  that 
particular  mineral  structures,  other  circumstances  being  the  same,  are  more 
favourable  to  the  occurrence  of  the  ores  sought  than  others.  The  principal  lode 
at  Fowey  Consols  mines  would  seem  to  afford  a  good  example  of  ore  accom- 
panying a  particular  set  of  beds.  The  slate  in  this  productive  mine  dips  away 
from  the  granite  of  St.  Blazey,  on  which  it  rests,  towards  the  east,  so  that,  as  the 
lode  has  a  general  east  and  west  direction,  the  beds  traversed  by  it  on  the  lower 
part  of  the  mine  on  the  east  rise  towards  the  western  end,  and  it  is  found  that 
the  bunches  of  ore  accompany  this  dip,  coinciding  with  certain  beds,  viewing 
the  subject  on  the  large  scale.  The  mode  in  which  the  go»tan  and  other  marks 
of  the  usually  higher  parts  of  a  copper  lode  in  Cornwall  dip  to  the  eastward  in 
this  mine  is  very  interesting ;  gossan,  with  its  very  common  accompaniment  of 
native  copper,  green  carbonate  of  copper  and  grey  sulphuret,  descending  above 
the  bunches  of  copper  pyrites  to  the  depth  of  about  600  feet  from  the  surface, 
"^ith  the  dip  of  the  beds,  on  the  eastern  part  of  the  mine.  It  is  often  very  diffi- 
't  to  convey  by  words  the  differences  in  a  rock  which  the  practised  eye 
lily  seizes  as  distinctive  in  these  cases. 
;egarding  the  changes  in  the  metallic  contents  of  the  Cornish  mineral  veins 
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the  rocks  are  more  generally  bedded,  excellent  opportunities 
may  often  be  obtained  for  studying  the  modification  of  the 
contents  of  a  metalliferous  fissure,  according  to  the  yariation  of 
the  rocks  forming  its  walls.  In  Derbyshire,  for  example, 
where  the  same  fissure  not  only  passes  through  the  mountain 
limestone,  often  with  its  associated  igneous  rocks  (p.  642),  but 
also  across  the  surrounding,  and  higher  accumulations  of  shales 
and  sandstones,  the  lead  ore,  sulphuret  of  lead,  that  chiefly 
foimd  in  the  Derbyshire  veins,  keeps  generally,  though  not 

according  to  the  character  of  the  adjoiniDg  rock,  Mr.  Came  observes,  that  **  in 
Godolphin  the  lodes  were  rich  where  the  killas  (argillaceous  slate)  was  of  a 
bluish-white  colour,  but  poor  where  it  was  black.  In  Poldice  and  Huel 
Fortune,  the  lodes  in  the  killas  continued  productive  until  they  entered  a 
stratum  of  blue  hard  killas,  which  cut  out  the  riches.  In  Huel  Squire,  the 
copper  lodes  were  Tery  productive  when  in  the  soft  light-blue  killas ;  but  a 
stratum  of  hard  black  killas  underlying  (dipping)  rapidly  met  one  lode  at  the 
depth  of  44  fathoms,  and  the  other  at  120  fathoms,  under  the  adit,  and  at  these 
levels  both  the  lodes  became  poor.  At  Penstruthal  copper  mine  the  lode  had 
been  tried  unsuccessfully  at  various  times  in  parts  where  the  granite  was  hard, 
but  trial  being  made  where  that  rock  was  soft,  it  became  one  of  the  most  profit- 
able mines  in  ComwaU.'* — Trans.  Geol.  Soc.  Cornwall,  voL  iii.,  p.  81 ;  1827. 

M.  Foumet  has  remarked  on  this  subject  that,  commonly  in  Upper  Hungary, 
the  largest  copper  lodes  are  found  in  fine  clay  slates ;  that  in  Saxony  the  silyer 
ores  occur  in  gneiss;  and  that  in  the  Hartz  certain  ores  are  intimately  con- 
nected with  grauwacke.  The  veins  of  Konigsberg,  Norway,  are  sterile  in  mica 
slate,  and  become  very  productive  in  beds  known  by  the  name  of  Faalhctnder. 
At  Andreasberg,  Hartz,  the  veins  which  pass  from  argillaceous  slate  into  flinty 
slate  lose  their  riches  in  the  latter  rock. 

M.  Foumet  giTcs,  from  the  information  of  M.  Voltz,  the  following  re- 
markable example  of  the  contents  of  a  mineral  vein  varying  according  to  the 
character  of  the  roclts  on  its  sides : — ^The  Wenzal  vein  at  Furstenburg  runs 
nearly  vertically  from  N.  to  S.,  across  many  beds  of  gneiss,  about  60  feet  thick, 
dipping  east  Each  of  these  beds  forms  a  distinct  variety  of  rock.  The  first  is 
very  micaceous ;  the  second  passes  into  argillaceous  slate ;  the  third  is  hom- 
blendic,  and  scarcely  any  mica  can  be  detected  in  the  fourth.  This  vein  is 
shifted  in  the  depth  to  the  westward  by  several  cross  courses;  and  it  was 
between  two  of  these  cross  courses,  distant  from  each  other  about  240  feet,  that 
it  contained  those  riches  for  which  it  has  become  so  celebrated.  In  the  first 
bed  of  gneiss  the  vein  merely  formed  a  nearly  imperceptible  string  of  clay ;  in 
the  second  it  suddenly  acquired  a  thickness  of  from  12  to  18  inches,  and  was 
composed  of  sulphate  of  baryta,  antimonial  silver,  red  silver,  and  argentiferous 
grey  copper.  The  antimonial  silver  was  always  found  in  large  masses.  In  the 
third  bed  the  thickness  of  the  vein  is  preserved,  and  the  sulphate  of  baryta  is 
continued  in  it ;  but  the  silver  ores  disappear,  and  a  little  sulphuret  of  lead  is 
the  only  ore  found.  In  the  fourth  bed  the  silver  ores  become  as  abundant  as  in 
the  second,  but  they  gradually  disappear  in  depth  and  are  replaced 'by  selenite 
(sulphate  of  lime),  a  little  sulphuret  of  lead,  and  some  traces  of  pure  sulphur. 
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altogether,  to  the  limestone  series,  and  appears  most  prevalent  in 
the  upper  part  of  it.  The  igneous  rocks,  commonly  compounds 
of  felspar  and  hornblende,  sometimes  dense  and  hard,  at  others 
originally  vesicular,  though  the  vesicles  may  be  now  filled  by 
infiltrated  matter,  are  considered  unfavourable  for  these,  ores  of 
lead.  Indeed,  at  one  time,  the  opinion  of  the  Derbyshire 
miners  was,  that  the  vein  did  not  traverse  the  loadstones 
(p.  643),  or  blachstonesy  as  these  igneous  rocks  are  locally 
termed,  so  unproductive  are  they.*  It  is  now,  however,  well 
known  that  the  veins,  the  true  fissiu*es,  those  locally  termed 
rdkes^  pass  through  these  rocks  as  well  as  the  limestones,  the 
ores  being  commonly  absent  where  these  igneous  rocks  consti- 
tute the  walls  of  the  vein,  its  contents  in  those  situations  being 
composed  of  other  mineral  substances.!  Among  the  limestone 
beds  themselves,  some  are  considered  as  more  favourable,  as 
walls  to  the  vein,  than  others,  and  certain  of  them  in  which 
much  carbonate  of  magnesia  occurs,  are  disliked,  and  looked 
upon  as  somewhat  unfavourable.  Though  the  veins  are  known 
to  be  often  continued  into  certain  shales,  not  unfrequently  black 
and  contdning  much  carbonaceous  matter,  above  the  limestones, 
and  though  these  shales  have  occasionally  bome^  as  the  term  is, 
a  fair  amount  of  ores ;  looking  at  the  district  generally  this  is 
the  exception,  and  it  is  a  still  greater  exception  when  the  sand- 

*  With  reference  to  this  rock,  which  appears  to  be  chiefly  a  compound  of 
felspar  and  hornblende,  with  oxide  of  iron,  and  thus  un&voarable  generally  as 
the  wall  of  fissures  for  the  lead  ore  in  Derbyshire,  it  may  not  be  out  of  place  to 
remark  that  the  greenstone  of  Devon  and  Cornwall,. commonly  of  much  the 
same  composition,  may  be  considered,  ai  a  whole,  unfavourable  to  the  ores  of 
tin,  copper,  and  lead.  The  mode  of  occurrence  of  these  greenstones,  as  to 
proximity  to  granite,  intermixture  with  elvan  dykes,  and  the  intersection  of 
cross  courses,  is  the  same  as  that  of  the  slates  with  which  they  are  accompanied ; 
the  fissures,  moreover,  traversing  them  have  the  directions  and  are  of  the  same 
kinds  as  those  bearing  ores  elsewhere.  Though  certain  mines  at  St.  Just 
might  be  considered  as  exceptions,  this  is  more  apparent  than  real,  abundant 
ores  rarely  being  detected  in  the  greenstone  itself,  which,  fVom  the  dip  of  the 
beds  near  St.  Just,  often  appears  to  occupy  more  of  the  mass  of  rocks  there  fiXmd 
than  is  really  the  fact 

t  In  the  cases  where  a  fair  proportion  of  galena  has  been  found  in  fissures 
through  the  toadslonest  it  has  usually  happened  that  the  vein  traversing  the 
limestones  above  or  beneath,  and  sometimes  both,  contained  much  ore,  it  thus 
appearing  as  if  a  superabundance  of  the  ore  found  its  way  amid  the  toadstone, 
the  efiects  due  to  the  limestone  being  sufficiently  powerful  for  the  purpose. 
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stones  surmounting  these  shales  contain  any  appreciable  amount 
of  them,  though  a  fissure  may  have  traversed  all  these  various 
rocks,  arranged  as  beds,  and  have  been  open  to  solutions  of  a 
similar  kind  at  the  same  time.  Taken  as  a  whole,  the  upper 
part  of  the  mountain  limestone  series  is  the  most  metalliferous, 
and  in  it  certain  beds  appear  more  favourable  for  the  occurrence 
of  the  ores  of  lead  than  others.  This  seems  to  hold  equally 
well  whether  the  sulphuret  of  lead  be  found  in  fissures  traversing 
all  the  rocks,  or  in  the  joints  and  cavernous  places  in  the  lime- 
stone series.  The  metalliferous  deposits  are  not  confined  to  the 
irregular  cavities  so  frequent  in  many  limestone  countries  in 
different  parts  of  the  world,  but  extend  to  those  which  are 
situated  between  the  beds  themselves,  and  arise  either  fi^om 
the  partial  removal  of  clays  which  were  once  interposed  between 
some  of  the  beds,  or  from  the  original  small  spaces  between 
them  having  been  enlarged  by  the  same  causes  as  those  which 
have  formed  the  other  irregular  and  greater  cavities. 

Many  of  the  small  metalliferous  veins  in  the  Derbyshire 
limestone  are  but  joints  (p.  718)  in  that  rock  that  have  been 
so  open  as  to  receive  a  deposit,  which,  when  sufficiently  com- 
posed of  the  sulphuret  of  lead,  the  miner  will  follow  in  his 
workings.*  From  finding  these  above  a  bed  of  toadstone  or 
blackstaney  and  also  beneath  that  igneous  rock,  with  no  con- 
necting joints  through  it,  the  impression  seems  in  a  great 
measure  to  have  arisen  that  the  veins  did  not  traverse  the  tocid-' 
stone.  The  cavities  in  that  district  wherein  sulphuret  of  lead 
has  been  discovered  are  very  numerous.  When  they  rise 
through  the  beds  they  are  usually  termed  pipes,  and  when 
interposed  between  them,  Jlat  works.  Upon  studying  the  cavi' 
ties  in  limestone  districts  of  this  character,  it  will  be  evident 
that  these  distinctions  are  not  always  very  applicable,  and  that 
irregular  cavities  rising  upwards  may  have  numerous  branches 
from  them  running  amid  the  beds  themselves,  that  joints  may 
cross  the  cavities,  and  real  dislocations  traverse  the  whole. 
When  carefrilly  examined,  leciders,  as  tiiey  are  termed,  seem 
always  found  in  such  situations,  so  that  dislocations  having 

*  Many,  though  not  all  of  the  strings  of  ore  which  the  Derbyshire  miners 
term  »krin»t  are  in  joints. 
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been  efFected,  a  coininiiiiication  was  formed  between  them  and 
the  other  kinds  of  cantieB,  and  thus  an;  solutions  or  gaseous 
matters  ri^ng  through  the  dislocatioos  would  enter  into  them. 
One  of  the  largest  cavities  worked  for  lead  ore  seems  to  have 
been  that  at  Crich,  whence  a  few  years  since  large  quantities 
were  raieed,  the  sulphuret  of  lead  encrusted,  as  well  overhead 
as  on  the  sides,  by  layers  of  fluor  spar  and  sulphate  of  baryta, 
two  very  common  veinstone  minerals  in  certain  parts  of  Derby- 
shire. 

If,  in  the  annexed  section  (fig.  288)  a  a'  represent  a  part  of 
Fif.  288. 


the  limestone  series  of  Derbyshire,  and  b  an  interposed  bed  of 
toadstone,  formed  after  the  beds  of  limestone  a',  and  prior  to 
the  deport  of  those  at  a,  and  that  i,  k,  m  are  fissures  traversing 
all  the  rocks ;  /i,  A,  k.  A,  ordinary  joints  in  the  limestone  which 
do  not  traverse  the  toadstone ;  p,  p,  irregular  cavities  in  the 
limestone,  and/f,  the  common  interstices  between  the  beds, 
enlarged  by  the  removal  of  parts  of  the  adjaceut  limestone  in 
the  usual  manner,  in  solution,  a  variety  of  spaces,  differently 
communicating  with  each  other,  may  be  all  filled  with  mineral 
matter  contemporaneously  derived  from  the  same  supply,  and 
be  all  known  by  different  terms  among  the  miners.  Tite  fissures 
ff  t,  d  k,  and  c  m,  would  be  the  channels  through  which  the 
various  mineral  substances  introduced  from  beneath  could  pass 
into  the  irregulnr  cavities  p  p  {pipes),  the  enlarged  spaces 
between  the  beds  /,  f,  (Jlat  work),  and  into  the  joints  A,  A, 
A,  A  (skrtTis) ;  all  these  varieties  of  open  spaces  occasionally 
inti^rmingled,  according  as  they  locally  occurred.  The  main 
fissures  would  be  considered  as  passing  through  all  the  rocks, 
while  the  joints,  or  at  least  a  large  proportion  of  them,  might 
terminate  at  the  toadstone,' 

•  The  joiDl  fittures  through  (he  tudstone  appear  to  be  Tery  few   when 
»iiipar«i  with  those  in  the  limestooe.     Although  to  reoder  the  coinpliMted 
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Of  the  occurrence  of  the  ores  of  lead  in  spaces  between  beds 
which  were  open  when  they  and  the  other  contents  of  such 
cavities  were  accumulated,  that  at  Fawnog,  two  miles  west  firom 
Mold,  Flintshire,  may  be  selected  as  an  instructive  example. 
From  the  information  of  Mr.  Warington  Smyth,  it  appears  that 
after  some  unprofitable  search  for  lead  in  shallow  workings 
between  the  carboniferous  limestone  and  its  covering  of  the 
arenaceous  rocks  known  as  millstone  grit^  it  was  discovered  that 
ore  was  abundantly  distributed  in  \fiQ't^  or  streak  of  ore, 
between  these  rocks,  the  streak  being  elongated  on  an  E.N.E. 
direction,  that  of  many  of  the  prevailing  fissures,  containing 
lead,  in  the  adjoining  country.  By  following  this  "  flat"  down- 
wards, on  the  dip  of  the  beds,  many  thousand  tons  of  very 
excellent  sulphuret  of  lead  were  obtained  in  a  few  years.  Sub- 
sequently, another  mining  company  sunk  a  shaft  still  further 
upon  the  dip  of  the  beds,  and  cut  the  same  kind  of  deposit  in  a 
continuation  of  the  same  plane  between  the  millstone  grit  and 
carboniferous  limestone.  From  this  other  streak,  or  flat  of  ore, 
several  thousand  tons  were  also  raised  in  a  few  years.  The 
groimd  being  thus  proved  for  half  a  mile  in  length,  and  pierced 
by  several  shafts,  a  very  good  illustration  is  afibrded  of  the 
extensive  occurrence  of  a  metalliferous  deposit  between  two 
diflerent  kinds  of  rock,  and  probably  also  after  their  deposit, 
the  accumulation  of  the  lead  ore  being  simply  in  a  cavity  par- 
tially existing  between  dissimilar  beds,  instead  of  in  a  vertical 
fissure.* 

mode  of  occarrence  somewliat  more  clear,  the  joints  alone  are  noticed  in  the 
section  (fig.  288),  it  should  be  stated  that  in  some  parts  of  Derbyshire,  and 
independenUy  of  the  joints,  the  fractures,  when  a  main  dislocation  was  effected, 
seem  to  have  been  more  exteuave  in  the  limestone  than  in  the  toadstone,  as 
might  be  expected  from  the  application  of  the  same  force  to  bodies  so  different 
in  tenacity,  so  that  the  same  crack  is  more  ramified  in  the  one  than  in  the  other, 
and  the  minor  fractures  appear  to  terminate  at  the  toadstone. 

*  Warington  Smyth,  MSS.,  who  farther  adds,  that  the  underlying  lime- 
stone is  semi-crystalline  and  grey,  abounding  in  stems  of  encrinites,  and 
occasionally  pierced  by  ^  swallow  holes,"  or  water  channels  running  in  various 
directions,  the  surfaces  of  which  are  smooth  except  where  projecting  fossils 
are  found  showing  their  better  resistance  to  the  power  which  removed  their 
once-containing  limestone.  The  roof  (millstone  grit)  is  generally  a  sand, 
partially  calcareous  (also  contuning  stems  of  encrinites),  about  18  feet  thick, 
surmounted  by  a  bed  of  hard  sandstone  SO  to  36  feet  deep ;  this  succeeded  by 
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As  regards  the  deposits  of  mineral  matter,  including  those 
of  the  useful  metals,  in  jcHnts  of  rocks,  (and  the  crossing  of 
small  veins  is  sometimes  little  else  than  the  latter,)  the  partial 
filling  of  joints,  traTersing  alike  granite,  the  veins  firom  it,  and 
the  schistose  rocks  through  which  it  has  been  protruded,  may  be 
easily  studied  at  St  Michael's  Mount,  Cornwall.  The  jcnnts, 
well  exposed  from  the  insular  position  of  St.  !SGchaers  Mount, 
and  from  the  united  action  of  the  sea  and  atmosphere,  ^ve 
the  granite  the  false  appearance  of  being  regularly  divided 
into  vertical  beds,  ranging  about  £.  10^  N.,  and  W.  10^  S.  A 
change  in  the  structure  of  the  granite  is  clearly  perceptible 
towards  the  joints,  and  in  them  are  found  quartz,  mica,  topaz, 
Apatite  (phosphate  of  lime),  peroxide  of  tin,  wolfram  (tungstate 
of  iron),  tin  pyrites  (sulphuret  of  tin  and  copper),*  schorl, 
and  occasionally  other  minerals.  These  are  but  mineral  veins 
of  a  particular  kind,  and  on  the  small  scale.  As  to  the  per- 
oxide of  tin,  it  is  one  of  the  common  ores  in  the  fissure  veins 
of  the  vicinity  ;  and  as  to  wolfram,  more  of  it  accompanies  the 
tin  ores  in  certain  parts  of  Cornwall  than  is  convenient  for  the 


-r- 


▼arious  sandstone  and  conglomerate  beds,  amid  which  there  are  occasonal 
lenticular  masses  of  limestone.  Thecal  itself  was  composed  of  light-coloared 
argillaceous  matter,  from  15  inches  to  8  feet  in  thickness;  the  metalliferoos 
portion  averaging  14  knches  thick,  bnt  in  some  places  attaining  the  fnll  height 
of  8  feet,  and  consbting  entirely  of  snlpbaret  of  lead.  Sereral  streaks  of  ore 
were  found  with  the  same  general  direction.  The  third  "Oat"*  foond 
(working  in  1849)  was  often  snrmonnted  bj  6  or  8  inches  of  compact 
carbonate  of  lead.  "  The  fact,"  observes  Mr.  Warington  Smyth,  "of  strings  of 
ore  from  the  main  *  flat  *  having  been  traced  for  30  feet  downwards  amid  the 
limestone,  and  18  feet  into  the  arenaceous  beds  above,  is  suflScient  to  show  that 
the  introduction  of  the  sulphuret  of  lead  has  been  effected  subsequently  to  the 
deposit  of  the  millstone  grit."  As  to  the  loose  sandy  character  of  the  sor- 
mounting  bed  of  rock,  this  would  readily  arise  either  from  the  decomposition  of 
the  millstone  grit  above,  while  the  lead  ore  was  being  deposited,  or  from 
subsequent  decomposition  by  the  passage  of  water  amid  its  cementing  calc»> 
reons  particles. 

*  The  variety  of  tin  pyrites  which  we  thence  obtained  also  contained  zinc 
The  following  is  an  analysis  of  specimens  of  this  mineral  from  St  Michael's 
Moont : — 

Tin 31-618 

Copper  23-549 

Zinc 10' 113 

Iron 4*790 

Sulphnr S9*929 
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miner.  Quartz  la  the  most  abundant  miners  in  the  open 
spaces,  sometimes  crystalli2ed,  at  others  filling  the  joint  wholly 
to  its  aides-  Where  these  joints  trayetse  the  granite  veins, 
and  the  adjoining  (altered)  schistose  rocks,  they  sometimes 
also  present  interesting  examples  of  dJ^ences  in  tlieir  con- 
tents, according  to  the  kind  of  rock  forming  their  walla.  The 
subjoined  plan  (fig.  289)  is  one  of  part  of  St  Michael's  Mount 


(N.E.  side),  wherein  the  granite  veins,  a,  a,  a,  are  seen  to 
traverse  the  altered  slate  rocks  (which  are  shaded),  a  small 
included  portion  of  the  latter  being  seen  in  the  largest  granite 
rein  at  e.  A  joint,  b,  h,  traverses  both  the  granite  reins  and 
the  schistose  rock,  and  d  d  \a&  parallel  joint  less  wide.  The 
latter  is  filled  with  mica  where  it  crosses  the  slate,  but  ccmtains 
also  quartz,  and  is  even  occadonally  altogether  cemented 
together  by  that  mineral  where  it  traverses  the  granite  veins. 

The  long-celebrated  Carglaze  tin  mine,  near  St.  Austell, 
Cornwall,  also  shows  joints  filled  with  mineral  matter,  including 
peroxide  of  tin.  Many  of  these  have  been  worked  profitably, 
the  granite  in  which  they  occur  being  soft  from  decomposition. 
The  granite  being  also  white,  these  joint  veins,  composed  of 
black  schorl  and  peroxide  of.  tin,  mingled  with  quartz,  have  a 
marked  appearance,  as  represented  in  the  annexed  sketch  (fig. 
290),  A  large  portion  of  these  lines  will  be  found  dipping 
beneath  the  adjoining  elates,  as  is  usual  with  joint  lines  bound- 
ing the  masses  of  Devonian  and  Cornish  granite,  and  they  are 


788  CARGLA2E  TIN  MINE,  CORNWALL. 

crossed  by  other  joint  lines^  also  in  the  usual  manner.    A  large 
proportion  of  the  granite  country  on  the  north  of  St.  Austell, 

Fig.  290. 


particularly  in  the  vicinity  of  Hensborough,  exhibits  similar 
strings,  in  which  schorl  and  peroxide  of  tin  are  intermixed,  and 
so  agree  with  lines,  representing  joints,  that  they  appear  little 
else  also  than  the  filling  of  spaces  among  such  dirisional 
planes  by  mineral  substances  finally  much  harder  than  the  gra- 
nite amid  which  they  were  deposited,  the  latter  having  become 
to  a  considerable  extent  decomposed.*  With  respeci;  to  the 
schorl  in  these  joint  veins,  the  observer  will  find,  i^n  studying 
many  of  the  highly  schorlaceous  portions  of  the  Devonian  and 
Cornish  granites,  at  their  boundaries  towards  the  slates,  or 
surrounding  bosses  of  them,  that  it  may  often  be  found  occu- 
pying a  position  near  the  joints,  and,  with  quartz,  sometimes 
entirely  filling  up  the  space  between  their  walls,  both  minerals 
appearing  to  have  been  derived  from  the  adjacent  granite. 

Not  only  are  certain  minerals,  including  the  ores  of  the 
useful  metals,  found  in  a  fissure  more  frequently  adhering  to, 
or  accumulated  near,  particular  rocks  or  modifications  of  the 
same  rock,  in  the  manner  above  noticed,  but  also  in  some 
districts,  where  more  ores  than  one  occur  in  sufficient  abund- 
ance to  be  profitably  worked,  so  that  the  ground  is  well 
explored,  fissures  in  given  directions  are  observed  to  contain 
certain  of  these  minerals  more  than  others.     Even  as  regards 

*  The  works  upon  these  small  joint  yeins  and  upon  the  fissnre  ▼eins  also 
rersing  the  country,  the  channels  it  may  hare  been  through  which  part,  at 
It,  of  the  contents  of  the  former  haTe  been  derived,  are  yery  extenaye  in 
;  part  of  Cornwall,  the  tin  ore  haying  been  of  exoellent  quality,  and  the 
nite  of  the  district  being  easily  worked,  from  its  state  of  decompositioD. 
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these  also,  there  would  appear  to  have  frequently  been  conditions 
under  which  minerals,  chiefly  found  in  fissures  taking  given 
directions,  were  accumulated  more  in  some  parts  of  the  same 
fissure  than  in  others.  The  mining  districts  of  Devon  and 
Cornwall  may  be  studied  with  advantage  in  this  respect,  though 
similar  facts  are  well  known  in  other  mining  countries  in  dif- 
ferent parts  of  the  world. 

Referring  back  to  one  of  those  districts  (fig.  216,  p.  651),  it  is 
chiefly  in  the  fissures,  r,  v,  r,  having  an  easterly  and  westerly 
direction,  that  the  tin  and  copper  ores  are  obtained  in  profitable 
abundance,  while  those  ranging  northerly  and  southerly,  d,  </,  rf, 
often  contain  the  ores  of  lead,  iron,  and  some  others.  There 
are  exceptions,  but,  as  a  whole,  this  distribution  of  ores  is 
somewhat  marked.  Upon  careful  investigation  it  has  been 
found  that  the  north  and  south  dislocations  have  been  formed 
subsequently  to  those  having  an  easterly  and  westerly  direc- 
tion, the  proof  being  (p.  751),  that  the  contents  of  the  latter 
have  been  broken  through,  as  well  as  the  rocks  forming  their 
walls,  and  that  new  matter  has  been  accumulated  in  the  new 
fissures.  The  observer  has,  therefore,  in  such  cases,  not  only 
to  bear  in  mind  the  direction  of  the  fissures,  but  also  the  dif- 
ference in  time  when  each  of  the  two  sets  may  have  been 
produced,  so  that  if  at  one  time  the  conditions  for  the  forma- 
tion of  the  ores  of  tin  and  copper  prevailed,  and  those  of  other 
ores  at  another,  the  opportunity  for  the  production  of  various 
ores  in  all  the  fissures  were  not  contemporaneous,  but  difierent. 
This  circumstance  has  to  be  fiilly  regarded,  as  well  as  any 
influences,  causing  the  deposit  of  certain  substances,  which  the 
direction  of  a  fissure  itself  might  occasion.* 

Taking  certain  minerals  for  study,  and  especially  the  ores  of 
the  useful  metals,  the  observer  will  often  find  much  of  interest 


*  Thestady  of  the  different  fissures  in  ComwalL  some  contaiiung  ores,  others 
not,  induced  Mf.  Came,  in  1822  (Trans.  Geol.  Society  of  Cornwall,  vol.  ii.)  to 
class  them  under  eight  diTisions,  on  the  principle  that  the  fissures  of  one  epoch 
had  a  giyen  direction,  and  were  only  cut  through  by  those  of  subsequent  times. 
By  east  and  loett  lodes  Mr.  Came  says  that  he  means  "  metalliferous  veins 
whose  direction  is  not  more  than  30°  firom  those  points ;  by  contra4ode8,  metal- 
liferous veins  whose  direction  is  firom  30°  to  60°  from  east  and  west ;  and  by  cross 


790     MODIFICATIONS  IN  THE  CONTENTS  OP  MINERAL 

• 

in  the  manner  in  which  they  may  be  distributed,  as  it  were, 
contemporaneously  in  the  same  fissure.  Certain  combinations 
of  rocks  will  sometimes  suggest  themselves,  if  not  as  die  chief 
cause,  at  least  as  among  the  conditions  which  may  have  assisted 
in  rendering  the  ores  of  one  metal  more  abundant  than  those 
of  another  in  the  range  of  parts  of  the  same  mineral  vein.  At 
other  times  this  view  does  not  so  well  accord  with  the  facts 
observed.  The  continuation  of  the  great  Crinnis  lode,  running 
from  the  coast  near  Crinnis  Island  into  the  granite,  may  be  no- 
ticed as  an  example  of  the  same  fissure  being  cupriferous  amid 
the  slate  country,  and  chiefly  stanniferous  towards  the  granite. 
With  respect  to  the  distribution  of  tin  and  copper  ores  in  Corn- 
wall, certain  of  the  copper*  mines  in  that  county  are  well 
known  to  have  been  worked  for  tin  upon  their  backs,  as  the 
upper  parts  of  mineral  veins  are  often  termed  in  some  mining 
districts,  and  to  have  been  abandoned  when  the  copper  ore  was 
attained  beneath,  such  ores  not  being  considered  as  worth 
raising  at  that  time.*  Some  of  these  cases  would  not  appear, 
as  will  be  hereafter  seen,  to  justify  the  view  that  the  tin  ores 
occurred  to  the  exclusion  of  those  of  copper,  but  they  never- 
theless seem  to  show  that  tin  ores  were  present  in  the  higher 
parts  of  these  lodes,  and  were  scarce,  if  not  absolutely  absent, 
beneath,  f 

Points  of  this  kind  in  connexion  with  other  ores  are  also  well 
known,  and  require   similar  attention,    as,   for   instance,  the 

*  Mr.  Came  (Copper  Mining  of  Cornwall ;  Trani.  Oeol.  See  of  Cornwall, 
vol.  iii.,  p.  37)  notices  Wheal  Damsel  and  Wheal  Spinster  copper-minet  as 
instances  where  the  upper  parts  of  the  veins  were  taken  away  for  the  tin  they 
contained.  **  The  granite  walls  of  the  lode  are  still  yisible/'  be  remarks,  **  at  the 
surface  and  to  the  depth  of  three  or  ibur  fitthoms,  having  a  space  of  about  4  feet 
between  them.  It  is  probable,  that  if  the  rubbish  were  taken  away  the  space 
would  be  found  to  extend  to  the  depth,  perhaps,  of  10  fathoms  (60  feet),  or  as 
deep  as  the  ancient  miners  could  go  without  being  obstructed  by  water.  From 
this  space  the  fine  gossan  of  the  copper  lode  was  wholly  taken  away,  and  the  tin 
ore  extracted  ttom  it." 

t  At  Dolcoath  mine,  Camborne,  one  which  has  been  long  in  work,  it  has 
lately  been  found  that  tin  occurred  in  profitable  quantities  in  the  depth  afWr  the 
vein  had  been  worked  chiefly  for  copper,  the  higher  portions  having  fbrmeriy 
furnished  tin  as  the  principal  ore.  The  ores  of  copper  and  tin  are  sometimes 
more  mixed  in  Cornish  mines  than  the  distinctive  names  of  "  copper  lode*  or 
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frequent  presence  of  copper  pyrites  on  the  backs  of  many  of 
the  lead  veins  in  Cardiganshire  (Goginan,  Cwm  Sebon,  and 
others).  In  veins  of  mixed  ores  of  different  metals,  where 
some  of  each  are  found  disseminated  through  them,  the  relative 
abundance  of  the  ores  is  sometimes  found  most  materially  modi- 
fied at  different  depths,  and  this  occasionally  even  to  a  certain 
extent  irrespective  of  the  kinds  of  rock  forming  the  walls  of  the 
veins,  though  this  influence  requires  always  to  be  steadily 
borne  in  mind.  Thus  with  some  ores  of  zinc»  lead,  and  copper, 
as,  for  example,  in  the  well-known  Ecton  mine,  Stafibrdshire, 
the  sulphuret  of  zinc  was  found  most  abundant  in  the  depth, 
the  sulphuret  of  copper  occupied  a  central  position,  and  sul« 
phuret  of  lead  was  found  in  the  higher  parts.*  In  the  Spital 
vein  at  Schemnitz,  according  to  Mr.  Warington  Smyth,  where 
the  sulphurets  of  silver  and  lead  are  raised,  though  the  latter 
is  argentiferous  beneath,  the  ores  towards  the  higher  portions 
of  the  vein  are  chiefly  sulphurets  and  other  ores  of  silver,  in 
which  either  lead  is  scarce  or  absent. 
.  In  this  kind  of  investigation  it  is  very  requisite  that  the 
observer  should  regard  not  only  the  kinds  of  rock  which  may 
be  traversed  by  the  veins  as  above  noticed,  but  also  the  decom- 
position and  changes  which  may  have  taken  place  in  a  fissure, 
or  other  cavity,  after  some  original  condition  of  its  contents,  a 
subject  itself  of  no  slight  importance.  There  are  certain  facts 
known  which  appear  clearly  to  show  material  changes  and  mo- 
difications from  a  previous  state  of  mineral  veins,  among  which 
those  from  surface  influences  are  often  most  marked.  In  veins 
where  copper  pyrites  is  abundant,  for  instance,  the  changes 
from  decomposition  often  extend  to  depths  more  considerable 
than  at  first  might  be  expected.  This  ore,  essentially  a  com- 
bined sulphuret  of  copper  and  iron,  when  exposed  to  surface 
waters  finding  their  way  to  it,  becomes  decomposed,  sulphuric 
acid  being  apparently  produced  by  the  action  of  oxygen  upon 
the  sulphiu*,  this  acid  then  attacking  the  metallic  parts  of  the 

*  In  this  mine  pardcalar  beds  of  limestone  were  foand  so  much  more  favour 
able  than  others,  that  they  were  always  followed  by  the  miners;  and  as  the  b 
of  that  part  of  Stafibrdshire  (adjoining  DerbysMre)  are  much  contorted, 
workines  have  a  remarkable  appearance  in  consequence. 
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ore  under  the  conditions  in  which  it  is  placed,  in  such  a  manner 
that  sulphate  of  copper  is  removed,  and  the  iron,  in  the  ores, 
is  left,  forming  eventually,  from  a  continuance  of  the  same 
influences,  a  hydrated  oxide  of  iron,  in  which  other  substances, 
originally  entangled  in  the  ore,  may  still  remain.  To  these 
hydrated  oxides  of  iron  the  term  gossan  has  been  applied  by 
the  Cornish  miners,*  and  in  them  are  sometimes  found  dissemi- 
nated tin,  silver,t  and  some  other  ores,  those  which  were 
mingled  with  the  original  ore  of  copper  pyrites.  Modifications 
of  this  kind  would  require  not  only  a  certain  amount  of  geolo- 
gical time  during  which  they  could  be  effected,  but  also 
sufficient  proximity  to  atmospheric  influences.  It  will  be 
evident,  if  geological  changes  should  be  such  as  to  remove  a 
large  portion  of  the  present  surface  in  mineral  districts,  so  that 
numerous  bunches  of  ore  in  the  veins  should  be,  for  the  first 
time,  exposed  to  atmospheric  influences,  that,  to  whatever  other 
sources  of  change  and  modification  the  contents  of  the  veins 
containing  them  may  have  been  exposed^  such  newly  exposed 
portions  would  have  to  undergo  the  alteration  noticed  in  the 
cases  of  copper  pyrites,  and  that  the  copper  in  solution,  as  a 
sulphate,  would  percolate  to  some  situation  where  it  would 
remain  as  such,  or  suffer  subsequent  change.  The  attention 
of  the  observer  will  not  long  have  been  directed  to  the 
conditions  of  a  vein  containing  gossan,  above  bunches  of 
copper  pyrites,  before  he  will  find  that  not  only  metallic 
copper,  but  also  the  oxides  and  carbonates  of  copper  are 
somewhat  frequent  between  them,  as  well  as  in  situations 
where  it  may  readily  have  happened  that  a  solution  of 
sulphate  of  copper,  derived  irom  decomposed  copper  pyrites 
above,  could  find  its  way.     He  may  often,  moreover,  see  the 

metallic  copper  in  chinks  and  other  situations,  reminding  him  of 

'  '       '  ■  '  ■  '  ■       .        I. 

*  The  German  miners  term  this  decomposed  ore  eiseme  Hut,  and  the  French 
ckapeau  defer,  expressive  names  showing  their  higher  position  in  the  mineral 
^eins.    The  fbrmer  say — 

"  Es  ist  nie  ein  Gang  so  gnt, 
Der  tragt  nicht  einen  eisemen  UuV* 
Several  of  the  gossans  in  Cornwall  have  been  found  to  contain  silTer, 
gh  this  metal  has  not  always  been  obtained  in  qnantities  sufficient  to  be 
tably  worked. 


VEINS  FROM  ATMOSPHERIC  INFLUENCES.  793 

the  deposit  of  copper  by  the  electrotype  process  from  solutions 
of  the  same  kind.  He  thus  has  to  consider  the  vein  and  its 
walls  with  reference  to  their  electrical  conditions.  If  metallic 
copper  were  thrown  down  in  fitting  situations,  he  would  probably 
have  no  difficulty  in  inferring  that  the  oxides  resulted  from  the 
action  of  the  oxygen  contained  in  the  surface  waters,  as  part  of 
tiie  common  air  disseminated  in  them,  and  that  the  carbonates 
were  formed  by  the  subsequent  action  of  carbonic  acid  also 
contained  in  the  same  waters.*  Bearing  in  mind  the  mode  of 
occurrence  of  the  mixed  ores  of  tin  and  copper  of  Cornwall,  and 
that  some  of  the  mines  were  formerly  worked  for  tin,  with  a  pre- 
valence of  copper  ore  beneath,  it  may  readily  have  happened  that 
the  stanniferous  parts  of  such  veins  may  once  have  been  more 
rich  in  copper  pyrites,  and  that  the  latter  had  been  removed, 
in  the  manner  above  mentioned,  and  the  tin  chiefly  left  in  the 
gossan,  so  as  to  render  it  principally  stanniferous. 

Changes  and  alterations  of  a  similar  kind  are,  as  might  be 
expected,  found  at  the  higher  parts  of  veins  containing  other 
metals,  especially  of  those  the  ores  of  which  seem  more  or  less 
easily  acted  upon  by  atmospheric  influences.  Thus  on  the 
backs  of  veins  containing  sulphuret  of  lead,  the  carbonates  of 
that  metal  may  be  often  found.  M.  Hausman  has  suggested 
that  the  change  has  been  effected  by  the  conversion  of  the 
sulphur  of  the  sulphuret  of  lead  into  sulphuric  acid,  which, 
combining  with  calcareous  matter,  set  free  carbonic  acid,  that,  in 
its  turn,  combined  with  the  lead,  forming  the  carbonate.  In 
those  cases  where  the  veins  of  sulphuret  of  lead  are  found 
amid  limestone,  and  the  carbonates  in  their  higher  parts  are 

*  The  conditioD  of  many  small  Roman  copper  coins  found  a  few  years  since 
near  Aberystwyth,  Cardiganshire,  illostrated  these  changes  with  more  than  the 
nsaal  evidence,  though  the  common  patina  or  erugo  upon  ancient  copper  coins 
also  shows  the  same  thing.  The  pot  in  which  the  coins  were  buried  was  found 
not  far  from  the  sur&ce,  and  the  coins  themselves  had  been  exposed  to  the 
action  of  atmospheric  influences;  *be  waters,  containing  common  air  and 
carbonic  acid  finding  their  way  to  ttfem,  had  produced  the  red  oxide  of  copper  on 
the  surface  of  some  of  the  coins,  beautifully  crystallized,  while  on  others  the 
further  change  into  the  carbonate  had  been^  so  effected  as  to  present  the  usual 
mammillated  character  of  malachite,  sections  of  it  showing  the  common  varia- 
tions in  colour  of  that  mineral.  Illustrative  specimens  of  these  coins  are  now 
in  the  collections  of  the  Museum  of  Practical  Geology. 
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sufficiently  common,  this  change  may  readily  have  been  thus 
effected. 

In  illustration  of  the  conversion  of  the  native  sulphoret  of 
lead  into  a  carbonate,  it  may  be  useful  to  remark  that  in  the 
underground  refuse  of  the  old  workings*  of  the  Derbyshire 
mines,  some  of  which  may  reach  back  to  about  1700  years,  f 
and  which  is  still  turned  over  for  the  ores  it  may  contain,  the 
small  pieces  of  sulphuret  of  lead  are  found  wholly  changed  into 
the  carbonate,  and  the  larger  pieces  are  thickly  coated  with  the 
same  substance.  The  miners  observe  that  in  the  places  where 
there  has  been  most  water  the  alteration  is  most  marked  and 
considerable.]:  A  further  illustration  of  this  kind  of  alteration 
is  to  be  found  in  those  cases  where  pieces  of  sulphuret  of  lead 
are  distributed  in  marl  or  loam,  with  fragments  of  limestone,  in 
a  few  localities  in  the  same  district ;  as,  for  example,  at  a  mine 
named  the  Green  Linnets,  near  Brassington,  where  pieces  of 
lead  ore  appearing  to  have  been  detached  from  some  neigh* 
bouring  vein  and  distributed  in  the  marl  or  loam,  probably  at 
the  tertiary  period,  are  found.  The  fragments  of  sulphuret  of 
lead  are  sometimes  wholly,  at  others  partially  converted  into  a 
crystalline  carbonate  of  lead.  Similar  illustrations  of  changes 
into  the  phosphate  are  also  to  be  well  observed,  whole  frag- 
ments of  sulphuret  of  lead  having  been  in  a  like  manner 
converted  into  the  phosphate  of  lead,§  a  substance  also  found 
not  only  in  the  higher  parts  of  lead  veins  in  other  situations,  but 
also  at  the  depth  of  150  feet  and  more,  as,  for  example,  at  the 
Golden  Valley  mine,  and  at  other  places  in  the  vicinity  of 
Winster,  Derbyshire. 

Calamine  seems  frequently  little  else  than  blende,  changed 
in  a  similar  manner,  the  sulphuret  being  converted  into  the 


*  Among  the  ancient  pigs  of  lead  foond  in  Derbyshire,  one  was  disoorered 
in  1777,  at  Cromford  Moor,  with  the  inscription,  in  raised  letters,  of  IMP. 
CAES.  HADRIANI.  AUG.  MEL  LVI.  According  to  Mr.  Pegge  (Ar«hs- 
ologia,  vol.  iv.),  this  pig  may  have  been  cast  about  the  year  180. 

t  This  refuse,  left  in  the  workings,  is  locally  known  as  Oid  Man, 

X  It  should  be  noticed,  with  reference  to  this  water,  diat  it  nsoally  contains 
much  bicarbonate  of  lime  in  solution. 

§  Illustrative  specimens,  exhibiting  these  modifications  and  changes,  wiU  be 
found  in  the  collections  of  the  Musenm  of  Practical  GpoIo^. 
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carbonate  of  zinc,  the  sulphur  haying  disappeared,  and  being 
replaced  by  oxygen  and  carbon.  The  conditions  under  which 
a  large  proportion  of  calamine  is  so  often  found,  especially  in 
limestone  districts,  would  appear  to  render  this  view  extremely 
probable.  In  Talar-goch,  Flintshire,  it  is  seen  now  forming, 
and  apparently  from  a  decomposition  of  the  sulphuret  of  zinc 
in  the  same  vein,  being  brought  in  solution,  like  carbonate  of 
lime  into  limestone  caves,  and  deposited  in  the  workings  of  the 
mine.* 

Independently  of  these  modifications  and  changes  in  the 
higher  portions  of  mineral  veins,  there  are  others  to  be  found 
occasionally  in  all  parts  of  tliem,  showing  that  the  substances 
thrown  down  in  them  or  against  the  walls  of  the  fissures  have 
been  again  removed,  their  places  either  vacant  or  replaced 
by  other  substances,  filling  the  cavities  which  were  thus  left. 
A  large  proportion  of  the  pseudomorphous  crystals  of  different 
substances  have  been  thus  produced — at  least  those  of  them 
which  have,  as  it  were,  filled  moulds  prepared  for  them  in  a 
vein,  by  the  removal  of  some  first-formed  substances,  coated  by 
others  prior  to  such  removal.  Of  this  kind  of  change  the 
observer  may  often  study  examples  in  the  fissures  and  cavities 
of  mining  districts,  as  also  in  the  half-decomposition  and 
partial  removal  of  various  mineral  bodies.  Vein  quartz  is 
sometimes  found  as  if  it  had  been  partially  attacked  by  solvents 
and  left  in  a  highly  porous  state,  evidently  firom  a  loss  of  a 
portion  of  its  substance,  and  not  from  the  removal  of  more 
soluble  substances  which  may  have  been  once  included  in  it,  a 
circumstance  to  be  careftilly  investigated,  since  the  latter  has 
sometimes  been  clearly  the  case. 

In  some  veins  the  changes  of  conditions  for  the  deposit  and 
removal  of  mineral  matter  are  highly  interesting.  Some  circum- 
stances observed  in  the  Virtuous  Lady  Mine,  near  Tavistock, 


*  The  compofiitioo  of  calamiDe  is  very  variable.  According  to  the  analyses 
of  M.  Berthier,  the  carbonate  of  zinc  varies  in  its  ores  tcom  30  to  90  per  cent. ; 
the  other  sabstances  in  the  ore  being  carbonates  of  iron,  manganese,  lead,  and 
lime.  It  often  appears  as  if  the  carbonate  of  sine  has  been  deposited  tFom 
solution,  and  was  mixed  with  other  substances  thrown  down  at  the  same  time, 
these  commonly  carbonates,  the  whole  not  unfrequently  deposited  in  veins 
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Deyon,  a  few  years  since,  may  serve  to  illustrate  these  changes. 
The  fissure  in  which  this  vein  occurred  was  very  irregular,  and 
sometimes  the  cavity  between  the  walls  extended  to  many  feet. 
Upon  the  walls  there  had  been  first  deposited,  (1)  a  mixture  of 
quartz  and  copper  pyrites,  the  latter  often  crystallized,  the 
original  tetrahedrons  so  elongated  as  to  form  rough  prisms  with 
pyramidal  summits;  (2)  upon  these  cubic  crystals,  often  of 
considerable  size,  were  accumulated,  and  were  probably  of  fluor 
spar  (fluoride  of  calcium)  ;  (3)  an  incrustation  of  carbonate  of 
iron  then  completely  covered  the  whole  ;  and,  (4)  the  substance 
forming  the  cubes  being  dissolved  and  removed,  and  so  as  not  to 
injure  the  carbonate  of  iron,  (5)  cavities  were  left  in  which 
silica  and  the  sulphuret  of  copper  and  iron  (copper  pyrites) 
entered  and  became  crystallized,  these  latter  minerals  not,  how- 
ever, entirely  filling  the  cavities.  Thus,  after  the  formation  of  the 
fissure,  there  appear  to  have  been  at  least  five  changes  of  con- 
dition in  that  part  of  the  vein  where  these  facts  were  observed, 
during  one  of  which  the  fluoride  of  calcium  previously  deposited 
in  a  crystallized  form  was  removed,  while  its  coating  of  car- 
bonate of  iron  remained  luiinjured.  It  is  very  desirable  that 
modifications  and  changes  of  this  kind  should  be  carefully  inves- 
tigated, especially  with  reference  to  the  structure  of  the  rocks 
in  which  the  fissures  and  other  cavities  may  be  found,  and  to  the 
probabilities  of  any  new  fi-actures  being  the  means  of  introducing 
new  solutions  or  gaseous  matters  wMch  should  act  on  any 
substances  previously  accumulated  in  them.  Not  only  will  the 
observer  have  to  study  the  pseudomorphous  crystallizations 
above  noticed,  where  one  substance  is  deposited,  becomes  coated 
by  another,  and  is  removed  and  replaced  by  a  third  substance, 
in  the  manner  above  noticed,  but  also  the  removal  and  replace- 
ment of  certain  minerals,  as  if  molecule  by  molecule,  the  form 
of  the  original  crystal  remaining  unchanged.  With  regard  to 
the  substitution  of  the  carbonate  for  the  sulphuret  of  lead,  as 
previously  mentioned,  though  fragments  would  serve  to  show 
this  change,  the  original  form  of  the  sulphuret  of  lead  being 
still  retained,  crystals  of  the  latter  have  been  found  completely 
replaced  by  the  carbonate  of  lead,  as  for  example,  in  Derbyshire, 
it  a  mine  in  the  Lonsc  Tor,  Matlock.     Conner  pvrites  has  been 


ONE  KIND  BY  ANOTHER  IN  VEINS,  797 

•f>imd  in  Cornwall  and  elsewhere,  replacing  carbonate  of 
iron,  the  forms  of  the  crystals  of  the  latter  completely  preserved, 
and  numerous  other  changes  are  well  known,  where  there  seems 
no  reason  to  suppose  that  they  have  been  the  result  of  deposit  in 
moulds,  the  latter  removed,  so  that  no  trace  of  them  has  been 
left,*  though  no  doubt  this  is  a  circumstance  to  be  regarded  and 
carefully  considered  at  all  times  in  investigations  of  this  kind.t 
Examining  the  manner  in  which  the  substances  have  been 
arranged  in  the  fissures,  or  other  cavities,  after  the  action  regu- 
lating the  deposit  of  certain  bodies  against  their  walls,  more 
upon  some  rocks  than  others,  and  the  direction  of  the  fissures 
themselves  are  considered ;  the  most  simple  mode  of  occurrence 
presented  to  the  observer  is  that  where  a  single  substance  may 
be  found  in  them.  This  substance  may  either  have  been  derived 
from  the  adjoining  rocks,  by  solutions  formed  in  and  percolating 

*  M.  Beoqaerel,  while  noticing  these  changes,  mentions  the  following  fact 
as  illnstrating  their  prodnction  from  those  analogous  to  cementation,  to  which 
he  attribates  an  electrical  origin.  M.  Darcet  left  a  plate  of  steel  daring  eight 
years  in  a  case  at  the  Mint  at  Paris,  in  contact,  by  means  of  one  of  its  ends, 
with  a  solution  of  nitrate  of  silver,  which  reached  it  very  slowly  from  a  fissure 
in  the  vessel  containing  it  One  half  of  this  steel  plate  was  entirely  changed 
into  very  pure  siWer,  offering  a  resisting  mass  without  the  least  trace  of  iron. 
The  yolume  of  the  plate  of  silver  was  visibly  the  same  with  that  of  the  plate  of 
steel. 

t  With  reference  to  these  changes,  it  may  often  have  happened,  as  now,  with 
certain  solutions  flowing  over  the  surfieuse  of  land  from  fissures  as  springs,  that 
the  metalliferous  matter  in  some  of  these  solutions  was  borne  away  in  a 
manner  to  be  combined  with  some  ordinary  sedimentary  deposits  within 
moderate  distances.  In  some  localities  deposits  of  this  kind  forming  bands  in 
detrital  strata  may  aid  in  assisting  the  geologist  in  the  relative  dates  for  the 
filling  of  fissures  with  ores  in  a  district.  For  example,  at  the  Hook  Point, 
county  Wexford,  and  also  nearer  the  town  of  Wexford,  the  upper  part  of  the  old 
red  sandstone  series  contains  carbonate  of  copper  mingled  with  vegetable 
remains,  the  bands  with  this  interspersed  carbonate  of  copper  several  times 
repeated.  It  might  thence  be  inferred  that  this  carbonate  had  been  derived 
from  veins  of  copper  ores  traversing  the  adjacent  Silurian  rocks,  so  that  these 
Yeins  were  formed  anterior  to  the  deposit  of  the  old  red  sandstone  of  that  part  of 
Ireland.  In  certain  mining  districts  solutions  of  sulphate  of  copper  are 
sufficiently  strong  to  produce  marked  effects  among  any  ordinary  deposits  to 
which  they  could  flow  uninterruptedly  for  a  long  lapse  of  time.  The  cupri- 
ferous  slates  of  Mansfetd  are  well-known  examples  of  detrital  accumulations 
containing  disseminated  copper,  usually  copper  pyrites,  profitably  worked.  And 
here  again  organic  matter  is,  often  mingled  with  the  ore,  reminding  us  of  the 
mode  of  occurrence  of  certain  iron  pyrites. 
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through  them,  socfa  as  is  shown  by  quartz  veins  amid  siliceous  - 
rocks,  and  calcareous  veins  among  limestones,  or  be  derived, 
such  as  tfae  peroxide  of  tin,  the  sulphurets  of  lead,  copper,  and 
antimony,  and  other  ores  from  other  sources,  strings  even  of 
metallic  silver  and  larger  breadths  of  metallic  copper  presenting 
themselves.  In  the  first  case  itmaybeapparentfrumsuccessive 
coatings  of  crystals,  each  pointing  inwards,  and  from  both  udes 
of  the  fissure,  that  the  filling  has  been  a  work  of  time,  during 
which  the  conditions  only  for  the  deposit  of  the  single  substance 
prevailed  in  the  part  of  tbe  fissure  seen.  The  following  section 
(fig.  291  )  will  illustrate  these  successive  depouts,  a  b  being  a 

Fig.  231. 


line  of  fissure,  cutting  through  any  class  of  rocks,  dd ;  succea^ve 
coatings  of  a  single  substance,  c  ce  c,  filling  it  up  towards  the 
centre,  where  for  etill  further  illustration,  occasional  cavities  may 
be  supposed  to  remain.  The  probability  of  the  single  substance 
80  found  being  more  or  less  directly  or  indirectly  derived  from 
the  rocks  traversed,  will  have  to  be  weighed  with  reference  to 
the  conditions  of  the  locality.  If  in  a  limestone  country,  such  as 
the  mining  districts  of  Derbyshire,  on  observer  found  the  suc- 
cessive coatings  composed  of  calcareous  spar,  he  might  he  led  to 
infer  that  this  substance  was  derived  from  the  limestone  beds,  so 
abundant  around,  and  in  which  the  fissures  may  be  formed, 
while,  if  composed  of  sulphate  of  baryta,  a  comm<m  mineral  in 
parts  of  that  district,  he  might  be  induced  to  seek  other  sources 
of  supply,  ^ould  the  single  substance  in  a  vein  amid  limestones 
be  fluoride  of  calcium  {fluor  spar),  while  he  would  see  that  an 
abundant  supply  of  calcium  was  at  hand  to  combine  iritb 
fluorine  he  might  qnestion  the  limestone  having  been  the  source 
of  the  latter  substance  in  the  quantities  found  in  the  veins. 
Single  substances  are  not  only  found  thus  joining  tbe  walls  of 
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fissures  together,  but  also  cementing  fragments  which  have 
fallen,  or  have  been  introduced  into  them,  and  sometimes  in  a 
manner  to  show  that  such  fragments  may  have  fallen  in  upon 
the  cementing  matter  while  it  was  being  deposited,  since  they 
are,  as  it  were,  isolated,  and  suspended  amid  the  cementing 
substance  that  may  thus  not  only  bind  those  together  which 
have  clearly  touched  one  another  previous  to  its  introduction, 
but  also  envelope  some  which  are  occasionally  well  separated 
from  any  others,  and  therefore  could  not  have  received  support 
from  them.  The  fragmentary  condition  of  mineral  veins  is  to 
be  seen  in  some  parts  of  most  mining  districts,  and  may  often 
be  as  well  studied  in  fissures,*  wherein  the  ores  of  the  useful 
metals  do  not  occur,  and  as  they  are  exhibited  in  natural 
sections,  such  as  in  clif&  on  the  sea-<;oasts  or  inland.  Tlie 
cementing  substance  may  be  any  of  those  contained  in  fissures, 
— ^as  well  the  ores  of  lead,  copper,  tin,  and  the  useful 
metals  generally  as  others.  Where  the  fragments  are  those  of 
rocks,  which  may  be  easily  removed  by  decomposition  from  the 
action  of  solutions  or  gaseous  matter  in  the  veins,  as  for 
example,  those  of  limestone  by  carbonic  acid  in  water,  cavities 
are  then  left,  into  which  other  substances,  those  found  in  other 
parts  of  the  vein,  may  be  introduced,  in  the  same  manner  as 

*  In  Cora  vail,  where  fragmentary  lodes  are  not  uncommon  (Report  on  the 
Geology  of  Cornwall,  &c.,  p.  323),  that  of  the  Relistian  mine  was  remarkable 
as  showing  rounded  pebbles  of  slate  and  quartz  (the  latter  from  their  character 
evidently  haying  formed  parts  of  some  vein)  cemented  by  peroxide  of  tin  and 
copper  pyrites.  The  chief  mass  of  this  conglomerate  was  about  12  feet  long 
and  as  many  in  width  and  thickness,  and  was  found  in  the  lode  (stanniferous) 
about  600  feet  from  the  surface.  Scattered  pebbles  of  the  same  kind  were 
discovered  beyond  the  chief  mass.  In  Wheal  Badger  lode,  one  near  Relistian,. 
pebbles  of  granite  were  seen  mixed  with  others  of  slate  and  quartz,  and  Mr. 
Carne  mentions  pebbles  having  been  found  in  the  tin  lode  of  Ding  Dong  Mine, 
near  Penzance,  and  in  the  lode  of  Wheal  Alfred,  near  Gninear.  The  rounded 
state  of  these  fragments  renders  them  interesting,  from  showing  that  they  had 
been  introduced  in  that  condition  into  the  fissure  prior  to  the  time  when,  in  that 
part  of  the  fissure,  at  least,  the  deposit  of  the  tin  and  copper  ores  was  efiTected. 
In  other  respects  the  mode  of  occurrence  is  the-  same  with  the  ordinary  frag- 
ments cemented  by  similar  substances.  M.  Foumet  (Etudes  sur  les  Depots 
M^tallif^res)  notices  pebbles  of  gneiss  as  found  in  the  vein  at  Joachimsthal,  at 
the  depth  of  192  fathoms  (1,152  feet).  With  respect  to  the  fragments  of  the 
adjoining  rocks  in  veins,  as  might  be  anticipated,  they  are  usually  more 
common  when  the  fissure  is  somewhat  inclined  than  when  it  becomes  vertical, 
though'  they  are  also  often  discovered  in  the  latter. 
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the  cavities  left  by  the  crystals  above  noticed  have  been  filled 
by  any  otlier  substances  introduced  into  them.* 

The  coatings  of  different  kinds  of  mineral  matter  on  the  sides 
of  fissures,  as  if  firom  successive  deposits  of  dissimilar  substances 
from  solutions  in  them,  seems  to  hare  been  first  clearly  pointed 
out  by  Werner,  in  1791.  f  Among  the  examples  adduced,  he 
particularly  noticed  the  vein  at  Segen-Gottes,  Gersdorf,  "  which, 
reckoning  from  the  middle  (composed  of  two  layers  of  calca- 
reous spar,  in  which  small  druses  here  and  there  occur), 
thirteen  beds  of  difierent  minerals  are  arranged  in  the  same 
order  on  each  side  of  the  vein,  these  are  fluor  spar,  heavy  spar, 
galena,  &c.  In  the  southern  vein,  Gregorius,  the  two  layers 
which  adhere  to  the  sides  of  the  vein  are  composed  of  crystal- 
lized quartz ;  next  to  these,  on  each  side,  is  a  layer  of  sulphuret 
of  zinc,  mixed  with  sulphuret  of  iron ;  this  is  followed  by  sul- 
phuret of  lead,  carbonate  of  iron,  sulphuret  of  lead,  carbonate 
of  silver,  red  silver  ore,  and  sulphuret  of  silver.  The  central 
part,  which,  of  course,  is  most  recently  formed,  is  of  calcareous 
spar.**J 

Hiat  this  regularity  should  always  be  found,  even  in  a 
fissure  which  has  probably  remadned  in  its  first  state,  as  regards 
any  subsequent  movement  of  sides,  could  scarcely  be  expected, 
more  especially  in  cases  where  the  walls  opposite  to  each  other 
may  be  formed  of  difierent  rocks  (when  the  fissure  is  a  fault), 
or  where,  from  any  other  cause,  one  side  may  have  received 
deposits  which  the  other  did  not.  One  main  cause  of  difierence 
often  appears  to  arise  from  that  of  the  rocks  on  each  side,  a 


*  In  the  cases  of  fragmentary  veins  in  limestone  districts,  interesting  re- 
moyals  of  the  ordinary  calcareous  matter,  with  the  preservation  of  organic 
remains  in  a  fragment,  may  occasionally  be  seen.  A  good  example  of  this  fibct 
occurred  in  a  large  vein  of  peroxide  of  iron  (hematite)  in  the  carboniferous 
limestone  near  Wrington,  Somersetshire,  where,  from  a  somewhat  con«derable 
fragment  ccmtaining  a  fossil  coral,  one  common  in  beds  of  the  fissure  above,  the 
ordinary  calcareous  matter  had  been  removed,  probably  by  the  action  of  water 
containing  carbonic  acid  derived  from  the  atmosphere,  and  the  parts  so  removed 
were  replaced  by  the  peroxide  of  iron  of  the  vein,  so  that  the  piece  of  fossil 
coral,  preserving  all  the  angular  character  of  the  original  fragment,  appeared 
in  the  midst  of  the  vein  of  iron  ore. 

t  •*  Theory  of  Mineral  Veins,"  pnblished.at  Freiberg  in  1791. 

I  Ibid.,  chap,  iv.,  see  52. 
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deposit,  first  being  formed  on  one,  continuing  to  receive  additions 
to  it  in  preference,  according  to  the  drcumstance  previoualy 
Doticed.a3  to  deposits  from  solutions  (p.  434). 

The  geologist,  when  stadying  the  contents  of  fissures  in  miiUDg 
districts,  where  bo  many  small  strings  of  different  substances 
are  fotind  in  chinks  and  carities,  more  or  less  in  connexion 
with  the  main  veins,  or  even  in  them,  will  bave  his  attention 
arrested  by  the  evidences  of  many  main  fissures  having  been 
moved  more  than  oncei  while  the  new  cracks  thus  produced 
have  sometimes  not  only  traversed  any  mineral  deposits  which 
may  have  been  previously  formed  in  the  fissure,  in  its  first  state, 
but  also  the  adjacent  county.  Werner  seems  to  have  been 
aware  of  this  circumstance  when  he  remarked  that  "  we  meet 
with  distinct  examples  of  new  veins  formed  in  the  direction  of 
those  of  older  date  (either  within  their  substance  or  by  the  sde 
of  them),  forming  with  them  the  same  individual  substance."* 
Very  material  changes  and  modification  of  veins  may  thence 
aiise,  both  as  to  the  decomposition  and  removal  of  substances 
previously  in  the  fissure,  and  the  introduction  of  other  mineral 
matter.f  Good  evidence  of  such  movements,  independently  of 
the  first  contents  of  a  vein  being  traversed,  such  contents 
forming  as  much  a  part  of  the  walls  of  the  subsequent  fissure, 
as  any  other  portion  of  the  mineral  mass  broken  through, 
wiU  be  often  found  in  the  mode  of  occurrence  of  the  contents 
themselves,  even  where  these  still  retain  a  certain  parallelism 
to  each  other.     Thus,  in  the  following  section  (fig.  292),  part 

Pig.  292. 

/ 


*  "Theory  of  HiDeral  Veins,"  chap,  v.,  sec.  65. 

t  When  describing  the  saccesdve  opening  of  the  Teins  near  PoBtgibtmd, 
M.  Poumet  (^todes  sur  Us  IHpiitx  Mctalliftres)  points  out  that  deposit*  of 
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of  the  lode  at  Wheal  Julia,  Binner  Downs,  Oomwall,  the 
central  deposit  of  quartz  crystals,  pointing  inwards  to  e,  is  only 
one  of  four  other  similar  arrangements  of  partB,  i,  d^  g^  and  A. 
To  eflect  this  crystallization,  the  increase  of  the  crystals  having 
taken  place  inwards,  five  difierent  openings,  at  different  times, 
have  been  effected,  so  that. the  needful  walls  for  the  commence- 
ment of  crystallization  in  each  case  could  be  afforded.  Without 
additional  evidence,  such  as  the  openings  in  other  parts  of  the 
vein,  or  amid  the  adjoining  rocks,  might  present,  it  would  be 
difficult  to  determine  which  of  these  openings  might  have  pre- 
ceded the  others.  Commencing  on  the  left,  a,  the  section  gives 
a  layer  of  copper  pyrites  and  sulphuret  of  zinc  (blende)  upoo 
the  wall  of  the  lode  in  that  direction,  to  this  succeeds  quartz 
crystals  pointing  inwards,  b ;  indurated  argillaceous  matter,  c, 
and  another  collection  of  quartz  crystals  pointing  inwards  at  dj 
ihen  a  set  of  crystals,  6,  commencing  on  either  side  upon  a 
layer  of  crystallized  copper  pyrites  and  zinc  blende,  /  /,  first 
lining  the  opening  in  which  this  arrangement  is  seen.  Still 
proceeding  from  left  to  right,  quartz  crystals  have  been  depo- 
nted  upon  another  cavity,  leaving  an  open  space  at  g  (vug^  of 
Cornish  miners),  these  succeeded  by  layers  of  quartz  crystals, 
pointing  inwards  at  A,  resting  against  the  wall  of  the  vein  in 
that  direction.  Examples  of  this  kind,  with  considerable  modi- 
fications, could  be  readily  multiplied  to  a  great  extent. 

With  reference  to  the  occurrence  of  lines  of  different  sub- 
stances, when  they  do  not  resemble  each  other  on  both  sides  of  a 
vein,  though  it  may  be  suspected  that  there  has  been  more  than 
one  movement  in  the  fissure  containing  them,  after  its  first  produc-  * 
tion,  the  evidence  is  often  by  no  means  so  clear.  As  for  example, 
in  the  subjoined  section  (fig.  293)  of  part  of  a  lode  at  Grodolphin 
Bridge,  Cornwall,  where  a  represents  a  layer  of  quartz  resting 
against  the  wall  of  the  vein  in  that  direction,  b  quartz  crystals 
pointing  inwards,  and  based  on  agatiform  bands  of  silica  on  either 


different  mineral  substances,  or  modifications  of  snch  substances,  are  seen  to 
characterise  five  of  the  six  successiye  dislocations  which  he  was  enabled  to  trace, 
the  sixth  being  marked  by  the  introduction  of  pebbles  and  sand,  a  continnatioii 
of  the  accumulation  which  sdll  covers  the  country  in  many  places,  and  which 
is  itself  covered  by  the  lavas  of  the  extinct  volcanos  of  Louchadi^  and  Pranal. 
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side,  c  e,  and  d  a  thiok  layer  of  copper  pyrites,  miugled  with 
some  quartz.     At  l>  there  appears  decisive  evidence  that  when 

Kg,  393. 

I  9 
III  I 


the  silica  there  found  wag  deposited,  the  walls  of  the  opening 
extended  from  1  to  2 ;  but  in  the  absence  of  any  arrangement  of 
parts  showing  that  the  copper  pyrites,  with  its  quartz,  had  2  for 
one  of  its  walls,  it  could  not  be  proved  that  there  was  a  distinct 
opening  between  2  and  3,  in  which  it  was  accumulated.  It 
may  have  happened  that  the  copper  pyrites,  with  some  inter- 
mingled quartz,  was  deported  against  the  wall  of  the  vein  on 
the  right,  while  quartz  only  was  accumulated  on  the  wall  to 
the  left. 

With  respect  to  the  movements  producing  these  parallel 
arrangements  of  parts,  without  much,  if  any,  evidence  of  the 
previous  mineral  accumulations  in  the  veins  having  been  broken 
or  disturbed,  it  will  soon  be  found,  while  studying  those  fissures 
which  are  not  simple  cracks,  but  faults  (p.  745),  that  this  may 
be  produced  by  the  mere  slipping  of  the  uneven  aides  of  the 
fractures,  with  certun  interv^  of  repose  between  each  move- 
ment, BO  that  mineral  matter  may  be  deposited  in  the  cavities 
during  each  period  of  repose.  If  o  ft  in  the  annexed  diagram 
(fig.  294)  represent  a  line  of  fissure,  and  a  movement  be 
Kg.  as*. 


effected  so  that  one  «de,  o't".  be  slid  in  a  manner  by  which  the 
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parts  00  0  0  touch>  supporting  the  pressure  on  either  side  of 
the  fissure,  cavities  will  be  formed  at  c  ccy  and  at  dy  the  latter 
somewhat  more  extended  than  the  first.  K  the  movement  has 
taken  place  in  a  contrary  direction,  to  the  left  (as  in  the  third 
line)t  to  the  same  amount  as  previously  to  the  right,  the  open- 
ings, c  c,  would  be  more  considerable,  so  far  as  respects  the 
illustration  given,  and  the  points  of  contact  less  numerous.* 

In  a  fracture  across  rocks,  the  irregularities  of  the  fissures 
being  usually  in  a  variety  of  directions,  and  the  points  of  con- 
tact in  consequence  variously  situated,  the  general  inequality 
of  the  walls  of  veins  has  to  be  regarded. 

When  movements  have  been  considerable  a  polish  and 
striation  of  the  sides  has  often  been  efiected,  the  striation 
corresponding  with  the  direction  of  the  movement ;  evidence 
of  importance  when  that  direction  may  not  be  clearly  seen  by 
the  bedding  or  other  mode  of  occurrence  of  the  rocks  fractured. 
In  fissures  where  there  has  been  more  than  one  movement  tiiey 
are  also  valuable,  especially  when  the  evidence  of  crystalUzation 
having  taken  place  at  separate  times  in  difierent  cavities  being 
absent,  the  contents  of  the  veins  themselves  exhibit  this  stria- 
tion and  polish  in  given  directions,  f  In  illustration  of  move- 
ments not  marked  by  considerable  dislocations,  yet  where 
successive  new  apertures  or  cavities  have  been  formed,  filled 
either  in  the  manner  above  noticed,  crystallization  towards  the 
interior  spaces  afibrding  evidence  on  this  head,  or  where  simple 
polish  and  striation  may  appear,  perhaps  tiie  following  diagram 
(fig.  295)  may  be  useful.  If  a  ft  be  a  fissure,  and  the  portions  of 
separated  rock,  m  n,  slide  against  each  other,  so  that  the  beds  at 
n  are  lowered  to  c  along  the  line  of  the  fissure,  touching  in  sufli- 
cient  points  for  support,  until  a  fresh  set  of  caffties  be  formed, 
represented  by  the  dark  portion,  ft,  and  these  cavities  be  filled 


*  [f  a  piece  of  paper  or  card  be  cat  in  this,  or  any  other  maiuier  repre- 
senting the  section  of  an  irregular  fissure,  as  sach  ftactares  mora  or  leas  are, 
and  the  pieces  be  slid  on  a  table,  so  that  parts  of  the  cat  paper  touch  Mch 
other,  tlus  illustration  will  readily  be  seen. 

t  When  either  the  striation  or  polish  has  been  effected  in  aocumulatioiia  of 
>res  themseWes,  or  coatings  of  ores  have  covered  them  over,  taking  as  it  were 
I  cast  of  them  in  their  unuijured  state,  these  polished  and  striated  surfiuxs  are 
ommonlj  termed  tlickenHdes. 
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by  mineral  matter,  a  further  movement  in  the  same  direction 
would  cause  friction  on  these  contents  which  would  thus  consti- 

Fig.  295. 
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tute  an  uneven  surface  towards  the  side  n.  Assuming  these 
contents  somewhat  solid  (they  may  be  even  more  so  than  the 
sides  of  the  old  fracture),  this  second  movement  might  extend, 
for  illustratiou,  to  e,  sufficient  points  of  support  eidsting  as 
before,  so  that  the  cavities  d  were  produced.  A  third  move- 
ment taking  place,  after  these  second  cavities  were  filled, 
similar  results  would  follow,  and  a  third  set  of  cavities,/,  would 
be  filled.  These  successive  settlements  or  movements  of  the 
masses  of  rock,  divided  by  fissures,  are  seen  in  some  localities 
to  have  been  very  frequently  repeated. 

When  the  fissures  are  more  complicated,  so  that  not  only  the 
difierent  cavities  have  been  subsequently  filled  by  the  introduc- 
tion of  mineral  matter  into  those  formed  by  the  mere  sliding, 
at  intervals,  of  the  rocks  on  one  side,  but  fractures  also  traverse 
the  substances  variously  accumulated  in  them,  and  are  not 
confined  to  them,  extending  to  the  adjacent  rocks  on  either 
side,  even  breaking  the  walls  into  fragments,  and  the  whole  is 
again  cemented  by  mineral  matter  newly  introduced,  the  study 
of  the  contents  of  such  fissures  requires  no  little  caution.  In 
such  cases  a  careful  search  for  the  substances  traversed  will 
usually  lead  to  the  information  sought,  particularly  when 
combined  with  any  evidence  that  can  be  obtained  from  fractures 
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in  the  adjoining  rocks.     If  in  the  aubjoined  section  (fig.  296) 

r  r  represent  the  rocks   on  either   side   of  a  vein;  o,   an 

Fig.  996. 


arrangement  of  quartz  or  other  crystals,  showing  the  filling 
of  a  separate  cavity  now  occupied  by  them ;  b,  another  and 
similar  mode  of  occurrence  of  any  crystallized  mineral ;  c, 
copper  pyrites,  or  any  other  substance  separated  from  another, 
e,  by  a  surface  of  polish  and  striatJon  (ilickenndeM),  d,  and 
the  whole  be  traversed  by  a  string  of  some  other  body,  J",  g, 
such  as  sulphuret  of  zinc,  then,  independently  of  the  evidence 
of  separate  movements,  as  shown  by  the  two  sets  of  crystallized 
substances,  a  and  h,  and  the  polished  and  striated  surface, 
(f,  between  the  substances  c  and  e,  another  movement  would  be 
shown  by  the  stnng  of  mineral  matter,  f  g,  more  especially 
if,  as  in  the  figure,  a  kind  of  small  shift  of  the  variona 
substances,  including  the  walls  of  the  rock  ori^nally  divided, 
has  been  effected.  In  this  manner  many  decompoadons  of 
the  substances  first  introduced  into  fissures  aeam  often  to 
have  taken  place,  while  mineral  matter,  new  to  its  contents, 
has  been  introduced. 

We  have  hitherto  supposed  the  successive  movements  to  have 
been  effected  in  planes  either  corresponding  with  those  of  the 
oiiginal  fractures,  or  not  far  removed  from  them.  As  has  been 
shown,  veins  traverse  each  other  at  considerable  and  even 
right  angles,  one  series  being  formed  subsequently  to  another, 
as  proved  by  the  contents  of  one  vein  forming  parts  of  the  walls 
of  the  other  (p.  751).  In  such  cases  the  study  of  any  changes 
Thich  have  taken  place  in  the  veins  cut  through  is  one  of  much 
terest  in  itself,  and  is  still  more  so  when  combined  with  any 
odificatiims  found  in  the  contents  of  the  traversing  vein.     It 
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sometimes  occurs  that  the  mineral  matter  in  the  traversed  vein 
is  mach  modified,  so  that,  independently  of  any  removal  of  its 
parts  into  the  new  cavity,  it  might  appear  as  beneath  (fig.  297), 

Fig.  297. 


where  the  vein  a  b  being  cut  at  a  considerable  angle  by 
another,  c  <f,  a  movement  of  certain  substances  from  &  to  e, 
and  a  removal  of  similar  substances  from/  to  a,  is  supposed  to 
have  occurred,  so  that  if  the  vein  c  d  were  again  removed, 
the  parts  broken  through  would  not  correspond  to  the  same 
extent  that  they  did  prior  to  the  second  fracture.  When 
the  mineral  matter  is  apparently  moved  on  the  one  side, 
and  on  the  other  ore  is  sought  by  the  miner,  this  becomes 
at  once  knoMOi ;  but  it  wUl  reward  the  attention  of  an 
observer,  not  only  to  study  the  veins  with  reference  to  ore, 
but  also  to  all  the  substances  so  traversed.  It  is  also 
important  to  direct  his  attention  to  the  deposits  of  any 
substances  or  larger  bodies  of  them  where  the  walls  may 
be  formed  of  the  contents  of  a  first-formed  fissure,  since 
these  then  occupy  the  position  of  any  dis^milar  rocks 
(p.  780),  and  may  be  found  favourable  or  unfavourable  to  the 
deposit  of  some  given  substances,  whether  ores  of  the  useful 
metals  or  otherwise.  In  some  mining  countries  certain  mineral 
substances  are  found  more  abundantly  where  one  vein  crosses 
another,  or  within  moderate  distances  from  the  intersection, 
than  elsewhere  in  such  veins. 

When  engaged  in  this  investigation  it  becomes  neediul  well 
to  consider  the  fact  so  commonly  observed  in  mining  dis- 
tricts of  various  parts  of  the  world,  that  where  two  or  more 
veins  come  together  at  a  moderate  angle,  the  ores  of  the  useft'^ 
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metals  sought  in  them  usually  occur  more  abundantly  than 
elsewhere.  This  may  be  far  from  constant,  neyertheless  the 
per-centage  of  instances  in  which  this  happens  is  so  oonfflderable 
as  commonly  to  have  arrested  the  attention  of  the  miners  in 
numerous  districts*  The  circumstance  has  been  remarked  as 
well  when  the  fissures  cut  each  other  somewhat  vertically,  as 
beneath  (fig.  298),  representing  a  vertical  section  of  the  lodes 
at  East  Wheal  Crinnis  Mine,  Cornwall,  as  where  they  traverse 
each  other  somewhat  horizontally,  when  a  plan  resembling 
this  section  would  also  suffice  for  numerous  examples.     Even 


a 


d  e 

a  (fforth),  h  (South)  rarface  of  the  ooontry ;  /,  e,  Nwth  lode ;  g,  d  Iron  dMft  lode :  c  their  in- 
tenection,  where  the  riches  of  the  mine  were  improved ;  «  t,  lUte  traTened  by  the  lodcv. 

a  large  horse*  has  been  observed  to  afibrd  more  ore  at  the 
sharp  ends  of  the  fragment  than  in  other  adjacent  portions. 
The  miners  often  give  the  significant  name  of  leaders  to  the 
contents  of  small  fissures  ranging  out  irom  a  main  fissure,  it 
frequently,  though  by  no  means  constantly,  occurring  that  a 
bunch  of  ore  is  found  where  they  unite. 

When  the  observer  regards  the  infiltration  of  solutions  into 
cavities  of  various  kinds,  whether  such  solutions  be  merely 
derived  from  the  rocks  adjacent  to  or  surrounding  them,  or 
come  from  other  sources,  the  deposits  of  diflerent  mineral 
substances  in  such  cavities,  whether  fissures  or  otherwise, 
under  the  conditions  above  mentioned,  the  selection,  as  it  were. 


This  term  is  applied  in  many  of  oiir  miniog  districts  to  large  fragments  id 
?ral  TeixiSy  portions  of  the  adjoining  rocks,  -which,  from  a  complication  of 
fracture  forming  the  main  fissure,  become  isolated  and  jammed  in  betirecn 
dcs. 
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of  certain  rocks  by  tbem  being  one  of  those  conditions,  and  the 
various  modifications  and  changes  which  the  arrangement  of 
the  different  kinds  of  mineral  matter  fomid  in  such  situations 
have  sustained,  he  will  probably  be  led  to  consider  the  general 
subject  as  one  of  no  slight  scientific  interest,  while,  at  the  same 
time,  the  investigations  into  which  he  will  have  to  enter  also 
possess  no  little  importance  from  their  direct  bearing  on  the 
discovery  and  extraction  of  many  substances  so  important  to 
the  progress  of  mankind. 

Partial  removal  or  denudation  of  Rocks. — Although  mention 
has  often  been  previously  made  of  the  partial  removal  of  the 
mineral  accumulations  of  various  geological  times,  and  this  has 
been  referred  to  the  action  of  breakers  on  coasts,  to  the  decom* 
position  of  different  rocks  by  atmospheric  influences,  and  to 
their  erosion  and  subsequent  transport  by  running  waters,  a 
few  words  on  geological  denudation,  regarded  by  itself,  may 
be  usefiilly  added.  Viewed  with  reference  to  the  causes  of 
the  partial  removal  of  rock  accumulations,  there  are  few 
subjects  connected  not  only  with  the  present,  but  also  with 
many  prior  conditions  of  the  earth's  surface  in  different  regions, 
which  more  impress  the  geologist  with  the  great  lapse  of  time 
required  in  explanation  of  the  fisicts  observed.  Making  all  due 
allowance  for  the  abrasion  and  transport  of  an  immense  mass 
of  mineral  matter  by  means  of  atmospheric  influences,  the  kind 
of  smoothing  or  levelling  of  great  areas  so  often  found,  and 
the  isolation  of  portions  of  various  dimensions,  outstanding  like 
islands  from  a  kind  of  main  coa^t  composed  of  like  deposits,  of 
which  they  only  constitute  detached  parts,  so  forcibly  remind 
an  observer  of  the  action  of  breakers  on  land,  that  there  seems 
much  difficulty  in  avoiding  the  inference  that  to  this  source  of 
abrasion  geological  denudation  is  chiefly  due. 

As  an  intermixture  of  land  and  water  is  needed  in  expla- 
nation of  the  production  and  distribution  of  detrital  matter  at 
all  geological  times,  and  as  tides,  or  the  absence  of  them, 
would  be  produced  by  the  action  of  the  same  causes  as  at 
present  during  the  same  lapse  of  time,  so  far  the  causes  for 
the  abrasion  of  land  at  the  margin  of  waters  would  have  beer 
always  the  same  as  now.     Winds,  however,  being,  with  th< 
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exception  of  such  moTements  as  those  of  earthquakes,  the  cause 
of  the  waves  which  break  on  coasts,  to  them  the  geologist  has 
to  look  for  the  continued  disturbance  of  water,  where  its  level 
cuts  the  land,  sufficient  to  produce  the  abrasion  required.  As 
the  winds  of  the  present  day  are  arranged  generally  in  their 
courses  by  the  action  of  the  sun  on  the  earth,  and  the  more- 
ment  of  the  latter  around  its  axis,  the>  observer  has  to  conader 
whether  the  former  has  ever  been  less  or  more  intense  than  it 
now  is,  (assuming  the  rate  of  the  latter,  for  better  illustration,  to 
have  remained  the  same,)  or  whether  counteracting  or  modifying 
influences,  such  as  a  temperature  suffidently  high  of  the  whole 
surface  of  our  planet  to  prevent  the  present  difibrenoes  of  heat 
arising  from  the  sun,  have  had  an  appreciable  e^ct  in  that 
direction.  He  has  thus  to  see  if  there  be  evidence  of  breaker 
action  at  different  and  especially  at  early  geological  times. 
The  facts  noticed  as  to  beaches  adjoining  land  in  the  midst  of 
the  accumulations  of  so  early  a  date  as  that  of  the  Silurian 
series  (p.  548),  may  satisfy  him  that  breakers  were  in  action 
at  that  time  as  now  on  sea  coasts.  Evidence  of  the  like  kind 
being  seen  of  similar  effects  at  various  geological  periods,  Uie 
observer  may  feel  assured  that  from  the  earliest  times  when 
the  rem^dns  of  marine  life  were  entombed  amid  detrital  depo- 
sits, to  the  present  day,  breaker  action  was  in  force. 

Being  satisfied  that  this  action  has  been  an  important  geolo* 
gical  agent  for  so  long  a  lapse  of  time,  the  observer  may  be 
induced  to  inquire,  from  such  evidence  as  may  present  itseli^ 
if  any  particular  exposures  to  great  oceans  can  be  traced* 
Assuming  winds  to  produce  the  ordinary  waves  breaking  on 
shore,  and  that  the  present  causes  of  the  general  arrangement 
or  modification  of  land  and  sea  have  continued  far  back  into 
geological  time,  the  greater  the  ocean  exposure  of  given  coasts 
to  prevalent  and  strong  winds,  the  greater,  all  other  conditions 
being  equal,  would  be  the  abrasion  experienced.  Hence  the 
study  of  denudation  in  connexion  witii  evidence  as  to  the 
distribution  of  land  and  sea  at  different  geological  times,  and 
especially  as  to  the  direction  in  which  great  portions  of  the 
ocean  of  any  of  those  times  may  have  been  situated,  becomes 
important.      We  have  been  often  struck,  while  examining  the 
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geological  stmcture  of  different  portions  of  the  British  islands, 
with  tiie  length  of  time  during  which  the  various  modifications 
of  coasts  attending  the  elevation  or  depression  of  the  area  at 
different  periods,  above  and  beneath  the  level  of  the  sea,  may 
have  been  exposed  to  or  sheltered  from  such  an  ocean  as  the 
Atlantic  on  the  westward.  The  position  of  the  conglomerates 
of  the  new  red  sandstone  time,  arranged  against  and  around 
the  older  rocks  of  the  Mendip  Hills,  and  portions  of  the  adjacent 
country  (fig.  167,  p.  552),  remind  the  observer,  while  on  the 
spot,  very  forcibly  of  an  exposure  to  a  considerable  range  of 
water  on  the  westward.  Of  the  sur&ces  of  land  left  by  various 
denudations  at  more  recent  times,  the  impression  as  to  a  great 
exposure  to  western  waters  is  still  greater,  inland  clifis  pre- 
senting themselves  precisely  where  they  would  be  expected, 
and  even  the  shelter  derived  from  protruding  land  being  found. 
In  illustration  of  this  circumstance,  an  observer  regarding  the 
present  escarpments  of  the  oolitic  series,  including  the  lias, 
from  their  comparative  shelter  on  the  eastward  of  the  high  land 
of  Wales,  to  the  English  Channel,  cannot  fail  to  be  struck, 
making  all  due  allowance  for  subsequent  changes  arising  from 
atmospheric  influences,  with  the  mode  of  occurrence  of  the  old 
clifis,  and  of  their  character  according  to  exposure  or  shelter 
where  the  Mendip  Hills,  and  other  elevations  of  the  same 
character,  would  modify  the  force  of  the  great  Atlantic  waves 
breaking  on  such  a  range  of  coast 

The  removal  of  portions  of  the  accumulations  of  various 
periods,  extending  back  in  time  to  those  of  the  Cambrian  series 
in  our  islands,  is  something  very  considerable,  and  to  be 
measured  by  thousands  of  cubic  miles  of  mineral  matter.  In 
Ireland,  the  abrasion  of  the  Silurian  rocks,  anterior  to  the 
conglomerates  of  the  old  red  sandstone,  is  well  marked. 
Large  surfaces  were  evidentiy  there  shorn  down  by  denudation 
previous  to,  or  at  that  time,  the  granitic  protrusions  then 
existing  in  parts  of  that  land  being  also  cut  partially  away, 
and  having  irom  that  period  to  this  been  exposed  to  abrasion 
and  loss  of  volume  whenever  brought  within  the  range  of  the 
breakers,  or  raised  up  within  the  influences  of  the  atmosphere. 
In  regarding,  therefore,  such   masses  of  mineral  matter,  th* 
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observer  has  before  him  the  results  of  many  partial  removals 
of  rock  accumulations,  and  sees  the  remains  only  of  many  modi- 
fications of  surfaces  wrought  by  denudations  during  a  long 
lafee  of  time. 

In  estimating  any  amount  of  matter  which  may  have  been 
removed,  either  from  igneous  rocks  or  from  deposits  formed  by 
the  aid  of  water,  much  care  is  sometimes  needed,  so  that  a  cor- 
rect estimate  may  be  formed  of  the  probable  prior  arrangement 
of  the  parts  of  it.  This  is  especially  necessary  when  a  series,  or 
parts  of  a  series,  of  deposits  may  extend  over  or  conceal  another, 
or  portions  of  itself,  otherwise  by  supposing  an  extension  of 
accumulations  in  directions  where  they  never  existed,  far  more 
mineral  matter  might  be  inferred  to  have  been  removed  than 
has  been  the  case.  For  example,  the  old  red  sandstone  of 
Herefordshire,  South  Wales,  and  parts  of  Southern  Ireland,  so 
occurs,  that,  viewed  as  a  whole,  the  higher  portion  gradually 
overlapped  or  passed  over  a  variety  of  older  and  subjacent  beds 
in  a  southerly  and  westerly  direction,  a  relative  depression  of 
land  and  sea  bottom  in  that  direction  having  probably  been 
the  cause  of  this  overlap.*  In  such  a  case  the  probable  range 
and  limit  of  the  conditions  for  the  deposit  of  this  higher  portion 
of  the  old  red  sandstone  have  to  be  carefully  estimated,  so  that 
the  removal  of  matter,  never  deposited,  may  not  be  inferred. 
It  fortunately  happens  that,  in  southern  Pembrokeshire,  the 
extension  of  the  old  red  sandstone,  at  the  time  of  the  deposit 
of  the  carboniferous  limestone  of  the  same  district,  can  be 
clearly  seen  at  Slebech,  the  latter  there  overlapping  ttie 
sandstone,  as,  in  like  manner,  in  the  same  county,  the  extent  of 
the  carboniferous  limestone,  at  the  time  of  the  accumulation  of 
the  lower  part  of  the  coal  measures,  can  also  be  well  observed 
at  the  overlap  of  the  latter  over  the  former,  near  Hav^ord- 
west.  The  following  section  (fig.  299)  may  serve  to  illustrate 
the  need  of  caution  on  this  subject.  If  a  fr  be  a  series  of  con- 
secutive detrital  deposits,  formed  under  conditions  which 
allowed  them  completely  to  cover  each  other,  so  far  as  the  area 

*  Part  of  this  overlap  will  be  seen  by  reference  to  Sheets  38,  40,  of  the  Geo- 
logical Survey  of  Great  Britain,  and  also  to  the  small  General  Map  of  South 
Wales,  inserted  in  the  Memoirs  of  the  Geological  Survey,  vol.  i. 
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represented  in  the  section  is  concerned,  and  c,  d^  e,  be  other 
accumulations,  formed  after  a  movement,  in  the  direction  of  6, 

Fig.  299. 


had  lowered  that  end  of  the  deposits  a  A,  so  that  c,  d^  e  were 
successively  formed  in  planes  parallel  to  each  other,  but  at  an 
angle  with  that  of  a  b,  the  successive  extensions  of  c,  dy  and  e,  in 
the  direction  a,  being  governed  by  causes  such  as  a  line  of 
coast,  and  its  gradual  depression  beneath  a  sea  level  in  that 
direction,  after  the  first  movement  tilting  the  inferior  rocks 
a  b  towards  b,  the  rocks  c,  (f,  and  e,  would  gradually  spread 
beyond,  or  overlap  each  other  towards  a.  If  now,  from  sub- 
sequent breaker  action,  atmospheric  influences,  and  final  ele- 
vation of  the  mass  as  now  found,  a  surface  should  be  exposed 
corresponding  with  the  line/^,  a  section  of  the  following  kind 
(fig.  300)  would  be  obtained,  one  very  deceptive,  without  care 

Fig.  300. 


and  attention  to  the  general  geological  structure  of  the  country 
as  to  the  prior  extension  of  the  beds  c,  d,  e,  towards  a,  inasmuch 
as  a  vast  extent  of  country  composed  of  them  might  be  assumed 
as  shorn  down  in  that  direction,  and  a  mass  of  mineral  removed, 
which  never  existed.* 

It  thus  becomes  essential,  when  endeavouring  to  estimate 
any  mineral  matter  removed  by  denudation,  carefully  to  weigh 
the  probability  of  the  conditions  under  which  the  aecumulations, 
supposed  to  be  removed,  may  have  extended.     We  may  here 

*  Those  who  have  examined  the  escarpments  of  the  ooal  measnres,  carboni- 
ferous limestone  and  old  red  sandstone  on  the  northern  boundary  of  the  great 
coal  districts  of  Monmouthshire  and  South  Wales,  will  at  once  see  the  applica- 
tion of  these  sections. 
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again  refer  with  advantage  to  the  ftmall  area  represented  in  the 
map  of  the  Mendip  Hills  and  adjmning  oonntry  (fig.  167,  p. 
552,)  for  illostration  on  this  head.  Upon  the  portion  of  country 
where  the  new  red  marl  and  sandstone  (5)  occupies  the  surface, 
several  isolated  patches  of  lias  (6)  may  be  seen  distributed. 
These  patches  are  only  the  remains  of  beds  which  once  con- 
tinuously covered  the  former  deposits,  and  joined  the  main 
mass  of  the  lias  seen  on  the  southern  portion  of  the  map.     The 
mode  of  accumulation  of  this  lias,  and  its  modification  where 
adjoining  the  dry  land  of  the  time,  have  been  previously  men- 
tioned (p.  554).     It  is  sufficient  here  to  remark,  that  while 
this    rock    was   thus    modified  near    the    Mendip  EGlls,   it 
stretched  away  with  common  characters  in  other  directions, 
patches  of  it  being  found  in  various  other  localities  scattered 
over  the  prior  and  subjacent  rocks,  such  being  the  remains  of  a 
wide  area  once  occupied  by  this  deposit     As  with  the  lias,  so 
also  with  the  accumulations  which  immediately  succeeded  it — 
those  of  the  inferior  oolite  (7,  fig.  167),  detached  patches  of  which 
are  also  seen  isolated  upon  prior  formed  rocks,  such  patches 
once  portions  of  a  continuous  deposit  in  a  sea.     One  small  islet 
of  inferior  oolite  will  be  observed  towards  the  left  comer  of 
the  map  (fig.  167).     Other  patches  will,  however,  be  seen  at 
Dundry  and   Brent  Knoll,  by  reference  to  more   extended 
geological  maps.     By  careful  examination  it  is  found  that  the 
mode  of  occurrence  of  their  component  beds  is  such  as  to  point 
towards  their  termination,  as  a  deposit  of  the  time,  at  no  great 
distance  westward,  so  that  when  considering  the  mass  of  mineral 
matter  removed  by  denudation  in  that  direction,  with  reference 
to  the  general  structure  of  the  district,  due  allowance  has  to 
be  made  for  this  probable  termination  of  these  rocks  westward. 
As  illustrative  of  denudation  towards  the  termination  of  accu- 
mulations, the  following  section  (fig.  301)  may  be  useful.    It  is 

Fig.  301. 

CtoUe  Hill 

- — u^^, 

>De  of  the  country  near  Wiveliscombe,  Somersetshire,  d  d  being 
ocks  of  the  Devonian  series,  disturbed  and  denuded  anterior 
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to  the  accumulation  of  the  sandstones,  b^  of  the  new  red  sand- 
s  tone  series  of  that  district,  and  of  a  conglomerate,  a  a,  com- 
posed of  rounded  portions  of  the  adjacent  disturbed  rocks,  dd^ 
cemented  by  calcareo-magnesian  matter.  In  this  case  the 
former  continuous  portion  of  the  conglomerate  a  a,  and  of  part 
of  the  sandstones  beneath  it,  by  have  been  removed  by  denuda- 
tion, not  only  from  the  minor  valley,  v,  but  also  from  the  larger 
surface  hollowed  out  between  Main  and  Castle  Hills.  The  con- 
glomerates, a  a,  have  thus  been  cut  off,  as  it  were,  from  the 
source  of  their  pebbles,  the  country  towards  Main  Down,  the 
portion  left  being  only  the  remains  of  a  once  continuous 
accumulation  of  them,  probably  along  a  line  of  coast  existing 
at  that  time  at  a  short  distance  westward. 

Notwithstanding  these  modifications  required  in  our  estimate 
of  the  amount  of  accumulations  removed  in  some  districts,  there 
often  remains  so  great  a  gap  in  the  connexion  which  evidently 
once  existed  between  portions  of  deposits  in  others,  that  collect- 
ively the  removed  portions  can  only  be  satisfactorily  measured 
by  a  considerable  amount  of  cubic  miles  of  missing  mineral 
matter.  The  smoothing  off  of  the  surfaces  of  even  the  most 
disturbed  deposits,  portions  of  these  deposits  now  variously 
consolidated,  and  apparently  possessing  that  character  when  so 
worn  down,  is  often  to  be  found.  The  coasts  of  northern 
Devonshire,  where  the  variously  consolidated  beds  of  the  lower 
coal  measures  are  so  much  bent  and  plicated  will  afford  the 
geologist  excellent  opportunities  for  observation.  It  is  of  the 
order  represented  beneath  (fig.  302),  where  a,  b,  being  the  sea 

Fig.  302. 

line,  cliffs,  c,  are  exposed,  showing  numerous  flexures,  the  con- 
tinuations of  which  can  be  readily  supplied  by  the  dotted  lines 
above  the  present  surface  of  the  land,  d^  and  beneath  the  level 
of  the  sea,  a,  b.  The  importance  of  clifb,  either  inland  or  on 
the  sea-coast,  in  properly  appreciating  the  matter  removed  from 
a  district  presenting  no  very  great  differences  of  surface  eleva- 
tion and  depression  (mere  common  undulations  of  country),  is 
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be  uninstnicted  as  to  the  real  amouat  of  flexure  and  plication 
planed  down  and  concealed  beneatli  the  ordinary  smooth  sur&ces 
exposed.     Of  this  the  following  (fig.  303)  is  an  example.     It 

P^g.  303. 


is  a  sketch  from  TVenance  Point,  of  High  Cove,  on  the  north 
coast  of  Cornwall,  exhibiting  a  section  of  hard  sandstones  of  the 
older  rocks  of  that  country  worn  down,  probably,  by  the  same 
kind  of  heavy  Atlantic  breakers  which  are  now  cutting  off  a 
further  slice  of  these  ancient  accumulations  down  to  a  new 
level.* 

By  consulting  the  geolf^cal  maps  of  various  lands,  when 
such  maps  have  been  carefully  prepared,  abundant  evidence 
will  frequently  appear  of  the  surface  denudation  to  which  very 

•  With  regard  to  Ihe  present  action  of  breakers  thnB,  bb  it  were,  removing 
ne*  t1ice»of  depowtg,  whether  contorted,  or  in  their  origiDal  plinciof  aocninn- 
UtioD,  it  not  0DI7  effects  thi),  bnt  abo,  when  the  conditioDs  for  the  elevstion  and 
deprenioD  of  manes  of  land  have  been  fiiTODrable,  will  cut  away  the  accamn- 
latiou  of  fenner  times  so  ai  to  restore  old  worn  mriacM.  Of  this  ezampla 
may  be  seen  od  the  Bhoree  of  the  Bristol  Channel  in  ieveraJ  places  (Anst  Pa>- 
■age,  Beudrick  Rocks,  &c.).  Tlie  following  section  (fig.  304)  near  Porticbead, 
Fig,  304. 
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extended  areas  have  been  exposed.  Taken  alone,  without 
carefully  constructed  sections,  and  a  due  regard  to  the  circum- 
stances above  noticed,  no  very  accurate  estimate  can  usually  be 
framed.  We  may,  indeed,  infer,  when  we  find,  as  at  Orleigh 
Court,  near  Bideford,  Devon,  a  part  of  the  lower  portion  of  the 
cretaceous  series,  possessing  all  the  essential  characters  of  the 
same  portion  when  last  seen  in  mass  to  the  eastward,  at  the 
Black  Down  Hills,  forty-two  miles  distant,  that  tlie  whole  inter- 
mediate country  was  once  covered  with  the  sands  and  chert,  of 
which  this  portion  of  the  cretaceous  series  in  that  part  of  England 
is  composed,  so  that  by  taking  a  given  area  and  the  thickness 
of  the  accumulation,  the  number  of  cubic  miles  of  the  deposit 
removed  by  denudation  may  be  approximately  estimated. 
When,  however,  the  observer  has  to  deal  with  a  bent  or  con- 
torted set  of  beds  in  a  considerable  area,  it  is  only  by  very 
carefully  following  these  flexures  and  contortions  that  any  fair 
approximation  to  the  matter  removed  from  the  general  mass 
can  be  made.  The  various  bends  and  contortions  must  not 
only  be  properly  ascertained,  due  allowance  being  made  for 
fractures  at  the  extreme  parts  of  flexures  (p.  737),  but  also  the 
amount  of  faults  that  have  occurred,  and  which  may  interfere 
with  these  flexures  and  plications,  be  carefully  considered. 

AvaOing  himself  of  the  observations  made  on  the  Geolo- 
gical Survey,  Professor  Ramsay  has  endeavoured  to  point  out 
ihat  a  vast  mass  of  matter  has  been  removed  by  denudation  from 
South  Wales  and  the  adjacent  English  counties,  the  amount  of 
which  may  to  a  certain  extent  be  estimated.*  Taking  the 
evidence  obtained  respecting  the  tliicknesses  of  the  various  beds 
of  Silurian  rocks  and  their  curvature,  in  the  Woolhope  district 
(fig.  305),  he  infers  that,  if  the  amount  of  mineral  matter  now 

exhibitfl  beds  of  coal  measures,  a,  a,  upturned  prior  to  the  aocumulatiou  of 
dolomitic  conglomerate,  and  new  red  sandstone,  b,  the  part  towards  e  being 
now  swept  by  breaker  action,  which  has  cut  away  the  beds,  b,  to  the  cliff,  d ;  a 
portion  being,  for  the  present,  left  at  c,  and  thus  a  part  of  an  old  surfiioe  becomes 
again  exposed  at  the  level  of  the  sea,  $  s,  after  a  long  lapse  of  time. 

As  to  denudation  generally,  which  has  removed  large  portions  of  the  deposits 
now  exposed  on  the  surface  of  land,  the  observer  will  find  numerous  illustra- 
tious  in  preceding  figures,  vis.,  figs.  7,  10,  11, 15,  47,  57,  79,  80,  95,  109, 136, 
156,  158,  165,  166,  169,  171, 174,  177,  181,  209,  212,  213.  217,  218, 

*  **  Memoirs  of  the  Geological  Survey  of  Great  Britain,"  vol.  i.,  p.  297. 
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removed  were  restored,  so  as  to  complete  the  section  of  the 
manner  in  which  the  rocks  prohably  occurred  at  the  time  they 
were  bent,  it  would  give  them  the  great  additional  height  of 
about  3500  feet.  Employing  the  same  kind  of  evidence  for  the 
old  red  sandstone,  carboniferous  limestone,  and  coal  measures 
of  the  Mendip  Hills  district,  the  Professor  considers  that  an 
additional  mass  of  accumulations,  4000  feet  in  thickness,  would 
be  required  above  the  Mendip  Hills  to  supply  the  place  of  beds 
removed  by  denudation,  and  another  of  5000  feet,  for  the  de- 
nudation of  the  same  rocks  on  the  north  of  Bristol.*  The 
missing  matter  above  the  vale  of  the  Towey,  near  Langadoc, 
Caermarthenshire,  he  estimates  at  from  10,000  feet  to  11,000 
feet  in  thickness.  The  annexed  section  (fig.  30i5)  is  one  of 
those  given  in  illustration  of  this  subject,  and  will  serve  to 
exhibit  the  disturbed  beds  of  carboniferous  limestone,  old  red 
sandstone,  and  Silurian  rocks,  shorn  down  by  denudation  in  the 
slightly  elevated  districts  of  Southern  Pembrokeshire.  These 
and  other  calculations  induce  Professor. Ramsay  to  infer,  with 
reference  to  the  Silurian  rocks,  old  red  sandstone,  and  coal 
measures  of  South  Wales,  that  by  "  simply  estimating  their 
cubic  contents  in  the  area  they  now  occupy,  and  adding  to  this 
the  amount  removed  by  denudation,  and  that  existing  beneath 
the  level  of  the  sea,  it  is  evident  that  the  quantity  of  matter 
employed  to  form  these  strata  was  many  times  greater  than  the 
entire  amount '  of  solid  land  they  now  represent  above  the 
waves."f 

Viewing  such  considerable  denudations,  quite  as  readily 
seen  in  many  other,  and  distant  regions,  as  in  the  minor  dis- 
tricts noticed,  and  combining  them  with  the  elevations  and 
depressions  of  land  that  have  taken  place  at  all  geological 
times,  sometimes  slowly  moving  great  surfaces  above  and 
beneath  the  level  of  the  sea,  at  others  squeezing  and  folding 
various  mineral  accumulations  into  great  ranges  of  mountains, 


*  Referring  to  the  redaction  of  the  Horizontal  Section  of  the  Geological 
Survey,  sheet  17,  extending  from  Glastonbury  Tor,  across  the  Mendip  Hills,  by 
Clifton,  Bristol,  to  the  flat  land  at  the  Severn,  and  to  the  sketch  for  filling  up 
denudation,  pi.  4,  fig.  4,  in  the  **  Memoirs  of  the  Geological  Survey,"  vol.  i. 

t  "  Memoirs  of  the  Geological  Survey,"  vol.  i.,  p.  834. 
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the  observer  will  be  at  no  loss  for  evidence,  not  onlv  that  the 
surface  of  the  earth  has  so  long  continued  in  an  unquiet  state, 
but  also  that  the  same  amount  of  mineral  matter  may  have 
been  repeatedly  employed  in  part,  or  as  a  whole,  in  the  pro- 
duction of  deposits  spread  over  various  areas  for  the  time  being, 
these  deposits  either  fossiliferous  or  without  organic  exuvias,  as 
the  conditions  for  the  preservation  of  the  remains  of  the  animal 
and  vegetable  life  of  different  times,  may  or  may  not  have  pre- 
vailed.     As  considerations  of   this  kind  constitute  a  part  of 
those  which  lead  to  the  most  extended  views,  by  the  aid  of 
which  we  endeavour  to  trace  back  the  past  conditions  of  our 
planet,  they,  and  the  class  to  which  they  belong,  tending,  as 
they  do,  to  keep  attention  alive  to  the  greater  problems,  while 
the  detail  necessary  for  their  solution  is  collected,  cannot  be  too 
frequently  present  to  the  mind  of  the  geological  observer. 


APPENDIX. 


Geological  Maps  and  Sections. — Though  an  observer  may  be 
supposed  usually  to  have  access  to  the  best  maps  of  any  country  he 
may  examine  geologically,  and,  in  general,  to  find  such  maps  con* 
taining  the  information  which  is  desirable,  as  well  respecting  the 
natural  physical  features  of  the  country,  as  the  artificial  modi- 
fications of,  or  arrangements  on,  its  surface,  so  that  he  can  always 
ascertain  his  exact  position,  and  possess  the  power  of  recording  any 
circumstances  considered  sufificiently  important  in  their  true  relative 
places  on  such  maps ;  it,  nevertheless,  sometimes  happens  that  the 
maps  of  a  district  are  inaccurate,  or  do  not  contain  those  things 
which  are  needed.  A  geologist  will  not  long  have  endeavoured 
to  record  his  observations  upon  maps,  before  he  will  ascertain  that 
many  a  beautiful  engraving  may  be  worthless,  while  some  coarse, 
unpromising  plan  may  be  most  valuable.  In  case  of  need,  there- 
fore, it  becomes  important  for  an  observer  to  be  so  far  skilled  in 
the  construction  of  maps,  as  not  only  to  be  able  to  correct  one 
which  may  be  imperfect  in  an  efficient  manner,  but  also  to  make 
such  a  sketch  of  ground  as  may  suffice  for  his  purpose.  A  knowledge 
of  the  kind  of  surveying,  commonly  termed  military  drawing,  will 
be  found  most  advantageous  for  his  progress.  He  will  scarcely 
accomplish  much  on  this  head  by  the  aid  of  books  alone,  and  there- 
fore should  study  it  in  the  field.  If  possessing  a  good  eye  for  form, 
he  will  by  no  means  find  the  acquisition  of  this  knowledge  difficult, 
while  he  will  soon  perceive  that  it  afibrds  him  great  additional 
power  in  satisfactorily  recording  his  observations. 

Even  in  many  a  map  where  the  lines  representing  rivers,  coasts, 
and  other  natural  features,  are  exceedingly  accurate,  as  also  those 
showing  the  roads,  canals,  villages,  and  other  artificial  arrange- 
ments, are  equally  so,  it  too  often  happens  that  the  relief  of  the 
ground,  the  true  forms  of  the  inequalities  of  surfiice  of  the  hills 
and  mountains,  is  either  not  given,  or  so  inaccurately  that  it 
would  have  been  better  if  no  attempts  had  been  made  to  represent 
it.*     Now,  the  true  relief  of  the  surface  of  a  district  is  often  of 

*  The  method,  too  often  adopted,  of  representing  the  lines  of  water-shed  av 
thofie  of  the  highest  grounds  in  many  regions,  cannot  be  too  moch  deprecated 
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the  greatest  value  to  the  observer.  It  is  only  necessary  for  him  to 
attempt  a  record  of  his  observations  upon  maps  with  and  without 
a  correct  representation  of  this  relief,  fully  to  appreciate  the 
difference.  A  power,  therefore,  accurately  to  sketch  in  the  forms 
required  becomes  of  no  slight  advantage.*  Much  may  be  accom- 
plished by  the  improved  prismatic  compass  (care  being  taken  in 
districts  where  rocks  containing  much  protoxide  of  iron  are  present, 
such  as  many  of  those  of  igneous  origin  in  which  hornblende  and 
augite  prevail,  which  will  divert  the  magnetic  needle),  and  by  some 
effective  arrangement  of  a  spirit  level,  by  which  close  approxi- 
mations to  slopes  may  be  obtained.  For  approximations  to  heights 
within  a  certain  range,  the  aneroid  barometer  will  be  found  use- 
^1,  especially  in  regions  where  the  mercurial  barometer  and 
sympesometer  may  not  be  easily  carried,  and  where  atmospheric 
changes,  affecting  such  instruments,  are  not  considerable.  Pos- 
sessing these  simple  instruments,  and  a  fair  knowledge  of  military 
drawing,  the  observer  may  make  many  a  sketch  of  a  country,  th« 
geological  structure  of  which  would  otherwise  have  been  imper- 
fectly represented. 

Supposing  the  possession  of  a  proper  map,  either  previously 
made,  or  constructed  during  the  progress  of  his  work,  it  is  neediiJ 
that  a  geologist  should  follow  up  the  rocks  he  may  be  investigating, 
quitting  them  as  little  as  opportunities  permit,  so  that  all  connected 
with  their  modes  of  occurrence  may  be  carefully  ascertained,  and 
all  the  points  of  importance  be  as  carefully  entered  upon  his  mapw 
Without  caution  of  this  kind,  very  grave  errors  may  readily  be 
committed,  inaccurate  inferences  being  drawn  respecting  the  mode 
of  occurrence  of  accumulations,  seen  only  at  different  and  fre- 
quently distant  points,  which  more  detailed  examination  would  have 
prevented,  and  this  more  especially  in  districts  of  highly-disturbed 

leading,  as  it  often  does,  to  the  moat  imperfect  views  as  to  the  real  inequalities 
of  surface  in  them,  and  as  to  the  action  of  those  geological  causes  which  have 
prodaced  snch  inequalities. 

*  With  reference  to  the  sketching  of  ground,  the  method  of  represeotiBg  a 
hilly  or  moontainous  country  by  lines,  approximating  to  those  of  equal  altitudes, 
as  is  shown  by  fig.  180,  p.  569,  will  be  found  very  serviceable  for  geological 
investigations,  especially  those  where  relative  altitudes  are  important,  or  where 
the  small  inclinations  of  beds  can  only  be  measured  by  the  heights  they  oocapy 
and  at  distances  too  considerable  to  be  ascertained  by  instruments  oonstnieted  to 
measure  the  dip  of  rocks  (clinometers).  The  contour  lines,  or  those  of  equal 
levels,  upon  some  of  the  Ordnance  Maps  in  England  and  Ireland,  and  so  valuable 
for  many  purposes,  form  an  accurate  representation  of  this  method. 
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and  broken  rocks.  Aa  to  the  boundaries  of  the  different  mineral 
masses  which  it  may  be  thought  desirable  to  insert  on  geological 
maps,  these  necessarily  depend  upon  the  scale  of  the  map  on  the 
one  hand,  and  the  view  taken  of  their  relative  value  on  the  other. 
Whatever  the  scale,  it  is  desirable  that  the  great  distinctions  con- 
sidered important  should  be  clearly  apparent,  and  that  the  detail 
should  be  so  represented  as  not  to  impede  a  correct  view  of  them. 
It  18  better  to  select  such  portions  of  a  map  for  enlargement  as  may 
be  required  for  the  illustration  of  any  particular  detail,  than  to 
sacrifice  broad  comprehensive  views  for  the  sake  of  its  introduction 
when  only  really  needed  in  particular  localities. 

As  with  the  objects  to  be  represented  on  geological  maps,  so  with 
the  colouring  employed  upon  them.  Comprehensive  clear  views 
should  not  be  sacrificed  to  attempts  to  introduce  detail  only  im- 
portant locally,  and  which  can  be  best  shown  by  the  enlargement 
of  such  portions  of  a  map.  The  employment  of  given  colours  to 
represent  certain  divisions  of  the  geological  series  has  been  con- 
sidered very  desirablcy  so  that  the  eye  becoming  accustomed  to 
them  may,  as  it  were,  currently  read  ofi'  maps  thus  coloured.  This 
is  certainly  important,  and  might  be  accomplished,  to  a  considerable 
extent,  in  the  general  maps,  national  maps  for  example,  of  different 
countries. 

Much  may  be  and  has  been  effected  as  to  the  information  to  be 
afforded  by  geological  maps,  by  a  mixture  of  signs  and  colours;  the 
latter  representing  some  accumulation,  or  series  of  accumulations ; 
and  the  former,  certain  modifications  of  it  considered  important. 
In  this  manner,  for  example,  igneous  rocks  may  be  represented  by 
some  given  tint  or  colour;  and  the  variations  in  their  mineral 
structure,  so  far  as  regards  the  surface  of  the  land,  by  various  signs. 
The  like  with  those  divisions  in  the  sedimentary  deposits  of 
different  geological  dates  to  which  names  have  been  given,  various 
signs  also  readily  show  their  mineral  structure  in  different  parts  of 
their  surfiice  exposure.  Among  the  signs  employed  amid  the 
stratified  rocks,  it  is  very  needful  to  have  a  sufficient  number 
representing  their  modes  of  occurrence  as  to  the  position  of  their 
beds,  showing  when  these  are  horizontal,  inclined  at  any  particular 
angle,  or  contorted ;  when  the  latter,  the  kind  of  contortion,  and 
the  like.  The  following  signs  {fig.  307)  have  been  found  useful 
for  this  purpose.  The  point  of  the  arrow,  a,  shows  the  dip  or 
inclination  of  the  beds  as  respects  the  horizon ;  and  it  is  desirable 
to  place  on  one  side  of  ihia  sign  the  amount  of  the  dip,  such  as  6 
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15^,  23^,  as  it  may  happen  to  be.  The  sign  b  is  intended  to  point 
out  that,  while  the  general  inclination  or  dip  of  the  beds  may  be  in 

Fig.  307. 
«  ^  c 

\  .      ]       -^ 

-fy-      ^o      -^ 

the  direction  corresponding  with  that  of  the  arrow,  they  undulate 
on  the  minor  scale;  c,  shows  that  the  strata  are  yertical,  their 
range,  or  strike^  as  it  is  often  termed,  being  in  the  direction  of  the 
longest  line.  Beds  much  plicated  on  the  minor  scale,  while  they 
have  a  general  range,  are  shown  by  (f,  the  straight  line  pointing  out 
the  general  range.  An  anticlinal  ridge  is  represented  by  the  tagnf; 
the  two  arrow  heads  showing  the  direction  of  the  dip  on  either 
side,  and  the  cross  line  that  of  the  range  of  this  form  of  beds ;  e 
is  intended  to  indicate  the  occurrence  of  beds  so  contorted  and 
folded  in  various  planes,  that  no  definite  dip  or  range  of  them  can 
be  inferred  in  the  locality  where  this  sign  may  be  entered  upon  the 
map.  The  cross  g  represents  a  horizontal  arrangement  of  the  beds. 
By  attention  to  such,  or  any  other  system  of  sig^s  considered 
effective,  the  arrangement  of  the  component  beds  of  stratified  rocks 
is  so  exhibited  as  to  present  the  observer  with  evidence  enabling 
him  to  take  a  comprehensive  view  of  this  part  of  his  subject.  By 
combining  any  system  of  this  kind  with  another  for  the  distribution 
of  organic  remains,  in  the  fossiliferous  rocks,  he  still  further 
advances  his  general  views ;  so  that  with  colours,  and  with  signs 
for  mineral  structure,  distribution  of  organic  remains,  and  any 
movements  which  the  beds  may  have  sustained  since  their  deposit, 
his  map  not  only  becomes  a  record  of  his  observations,  but  also 
presents  him  with  a  classified  collection  of  facts  from  which  he  may 
deduce  important  general  conclusions  that  otherwise  might  not  so 
readily  be  attained. 

Geological  maps  conveying  information  only  as  to  the  surface 

arrangement  of  rocks,   vertical  sections  of  the  country,   either 

directly  obtained  from  natural  or  artificial  exposures  of  the  various 

^^cumulations,  or  inferred  from  abundant  and  satisfactory  informa- 

>n,  collected  at  various  points  on  the  line  of  section  or  within  safe 

stances  from  it,  become  essential  for  a  right  view  of  the  manner 
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in  which  the  various  rocks  of  a  district  may  occur.  Too  much 
stress  cannot  be  laid  on  the  importance  of  rendering  all  such 
sections  strictly  proportional,  so  that  they  should,  as  much  as  pos- 
sible, be  miniature  representations  of  nature.  The  distortions  and 
erroneous  conclusions  which  arise  from  a  want  of  attention  to  this 
point  are  endless.  In  the  first  place^  the  outlines  of  countries  are 
usually  so  exaggerated,  as  to  elevations  and  /depressions,  that  the 
real  forms  of  the  surface  are  falsified,  and  that  true  appreciation  of 
them,  which  would  lead  to  just  views  of  their  relative  importance, 
and  of  the  conditions  which  may  have  produced  them,  superseded 
by  most  imperfect  ideas  as  to  the  real  relief  of  a  district,  even  of 
such  as  may  be  mountainous.  True  surface  sections  of  the  latter 
are  often  especially  needed  to  afford  the  geologist  a  correct  view  of 
the  different  heights  and  depressions,  so  that  he  may  insert  his 
observations  on  that  which  will  not  deceive  him  in  his  endeavours 
to  trace  the  amount  and  direction  of  any  general  disturbance,  to 
ascertain  the  value  of  any  curves  or  plication  of  beds,  and  to 
restore  the  various  component  parts  to  their  inferred  original  posi- 
tions in  such  regions. 

Though  with  known  altitudes  at  suflSciently  numerous  points  on 
any  given  line  of  proposed  section,  the  various  distances  from  these 
points  being  knownj  much  may  be  accomplished  by  a  practised  and 
steady  eye  by  sketching  in  the  intermediate  ground ;  and  this  may 
be  the  only  means  at  command  in  somewhat  rapid  excursions:*  the 
line  given  by  instrumental  work,  when  time  suffices,  is  the  only 
real  method  of  obtaining  the  object  sought.  All  lines  of  section  are 
thus  run  on  the  Geological  Survey  of  Great  Britain,  and  the  results 
thence  obtained  have  been  so  satisfactory  that  few,  once  experi- 
encing the  advantages  so  derived,  would  probably  be  disposed  to 
abandon  this  method  of  observation.  In  certain  districts,  such  as 
those  where  that  important  product  coal  is  obtained,  exact  sections 
of  surface  are  as  indispensable  as  the  exact  relative  positions  of 
the  beds  themselves  with  reference  to  them,  so  that  the  true 
positions  of  the  coal  beds  may  appear.  With  his  level  or  his 
theodolite  an  observer  feels  that  confidence  in  his  labours  which  he 
might  not  otherwise  possess.  Having  the  surface  right,  he  can 
enter  the  dips  and  other  modes  of  occurrence  of  the  rocks  found  in 

*  For  example,  the  section  from  the  Jara  to  and  across  the  Mont  Blanc, 
above  given  (fig.  264,  p.  741),  was  obtained  firom  known  heights  of  different 
points  on  the  line  by  barometric  measurements  of  intermediate  altitudes,  and  a 
sketching  of  the  ground  on  the  spot. 
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their  real  relative  situationfl  on  his  section,  and  have  a  collective' 
miniature  representation  of  the  needful  circumstances,  such  as 
no  other  less   correct    method   will   insure,  be  his    powers  of  ■ 

generaliation  what  thej  may.  I 

As  in  many  lines  of  section,  all  the  various  accumulations  cannot 
be  so  traversed,  as  to  have  all  deposits  cut  at  right  angles  by  them, 
care  is  required  to  represent  only  the  relative  thickness  of  such 
deposits  where  the  section  passes ;  that  is,  the  lines  of  separation  of 
beds,  or  collections  of  them,  as  given  in  the  section,  should  cor- 
respond exactly  with  those  which  would  appear  if  the  rocks  sup- 
posed to  be  vertically  cut  through,  were  really  so ;  and  the  beds 
on  one  side  of  the  cut  being  removed,  the  £ice  of  the  other  was 
exposed,  as  if  on  a  cliff.  By  turning  to  fig.  257  (p.  730),  it  will  be 
found  that  a  line  of  section  parallel  to  the  cliff  represented  would 
even  give  the  beds  there  shown  as  horizontal,  while  they  really 
dipped  considerably  at  right  angles  to  it,  as  seen  in  the  sketch, 
^.  258.  It  is  easy  in  such  cases  to  notice  the  true  amount  and 
direction  of  the  beds  on  the  section,  and  thus  make  the  real  value 
of  the  lines  on  such  section  clear.  By  giving  more  dip  than  such 
lines  represent,  a  greater  thickness  is  shown  than  really  exists, 
and  the  total  amount  of  mineral  matter  which  the  sur&ce  of  the 
g^und  and  the  line  of  section  should  exhibit,  is  misrepresented. 

In  addition  to  these  vertical  and  proportional  sections,  it  some- 
times becomes  necessary  to  enlarge  a  part,  so  far  as  regards 
a  column  rising  vertically  to  the  plane  of  accumulations.  In  like 
manner,  also,  this  should  be  proportional,  and  on  a  scale  sufficient  to 
render  the  object  sought  by  the  enlargement  clear.  The  scale  of 
such  sections  adopted  by  the  Geological  Survey  is  that  of  40  feet  to 
the  inch ;  and  it  has  been  found  one  amply  sufficient  for  very  con- 
siderable detail,  as  may  be  seen  by  reference  to  the  vertical  sections 
of  the  coal  measures,  those  which  can  be  used  for  mining  purposes 
(sections,  Nos.  1  to  11.).  « 

Vertical  sections,  deposits  represented  as  piled  one  above  the 
other  horizontally,  whatever  may  be  their  real  inclinations  in  dif- 
ferent localities,   may  also  be   usefully  employed  for  comparing 
distant  accumulations  with  each  other,  especially  as  regards  their 
thickness.    As,  for  example,  the  following  section  (fig.  308),  serves 
to  show  the  different  thicknesses  and  modifications  of  the  cretaceous 
nd  oolitic  groups  as  developed  in  southern  and  northern  England, 
n  these  sections  (the  same  letters  being  employed  to  represent 
quivalent  deposits  in  both),  the  cretaceous  series  in  Wilts  and 
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Somerset  is  divided  into  chalk,  a  ;   upper  green  sand,  b;   gault,  a 
clay  bed  so  named,  c ;  and  d,  lower  green  eand ;  while  in  the  same 


WlLIC  Aim  S0I1BB«ET. 


series  in  Torkshire,  b  and  d  are  Buppoeed  to  be  absent.  As  regards 
the  oolitic  group,  e  represents  the  Einuueridge  clay  ;  J",  coral  rag 
and  its  calcareous  grits ;  g,  Oxford  clay  and  the  Eellowe;  rock  in 
its  lower  part ;  h,  Combrash  and  forest  marble ;  i,  Bradford  clay ; 
k,  great  oolite  ;  I,  Fuller's  earth ;  m,  inferior  oolite ;  n,  marlstone  ; 
0,  lias.  The  superficial  gravels,  &c.,  above  the  chalk,  are  repre- 
sented by  t.  As  respects  the  divisions  e,f,  and  g,  the  two  fieclions 
do  not  much  vary,  while  a  considerable  difference  ia  seen  iu  the  beds 
h,  i,  k,  and  /,  as  found  develop^  in  southern  and  northern  England. 
There  has  apparently  been  a  modification  of  the  conditions  under 
which  these  equivalent  portions  of  the  oolitic  series  were  deposited 
in  the  two  localities,  so  that  while  in  the  south  marine  remains 
point  merely  to  deposits  beneath  the  waters  of  a  sea,  shales  and  sand- 
stones on  the  north  contain  the  remains  of  terrestial  fossil  plants 
(p.  695)  ;  thus  not  only  the  close  proximity  of  land  has  to  be  inferred, 
but  also  the  existence  of  marshy  land  itself,  supporting  a  growth  of 
certain  plants  {EquUelum),  entombed  as  they  shMd.  The  different 
character  of  the  lias  on  the  north  and  on  the  soutli  will  also  appear 
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this  deposit  being  not  only  thicker  on  the  north,  but  also  there 
exhibiting  a  certain  depth  of  upper  lias  marls,  not  continued  to 
Wiltshire,  though  it  can  be  seen  gradually  fining  off  southerly  into 
Gloucestershire.  In  this  manner,  it  will  be  obvious  that  much  useful 
evidence  may  be  embodied ;  so  that,  by  the  combined  aid  of  the 
maps,  and  the  sections  of  various  kinds,  a  sound  and  comprehensive 
view  of  the  different  rock  accumulations  of  a  country  may  be 
obtained. 

Page  2.  The  corapositioD  of  the  various  felspars  will  be  better 
seen  by  reference  to  p.  411. 

Page  5.  With  respect  to  the  decomposition,  by  atmospheric  in- 
fluences, of  the  igneous  rocks  chiefly  composed  of  felspar  and  horn- 
blende, when  the  former  mineral  prevails,  the  surfiuses  of  these 
rocks  has  usually  a  white  aspect,  the  soluble  silicates  of  soda  or 
potash  being  removed,  and  a  crust  principally  formed  of  silicate  of 
alumina  remaining.  Where  hornblende  much  prevails,  a  brownish 
and  reddish  sur&ce  is  common,  the  protoxide  of  iron  of  that 
mineral  having  been  converted  into  a  peroxide. 

Page  9.  As  regards  the  weathering  of  calcareous  rocks,  it  can  be 
seen  to  g^eat  advantage  on  the  Lake  of  Killamey,  where  the  car- 
boniferous limestone  partly  forming  the  shores  of  the  lake  and  of 
its  islands,  is  found  hollowed  into  fantastic  forms,  near  the  level  of 
the  water.  The  well-known  and  strangely-shaped  rock,  named 
O'Donaghue's  Horse,  has  been  thus  formed.  Carbonic  acid  in  the 
water,  near  its  level,  has  acted  upon  the  limestone  very  conspi- 
cuously in  this  locality. 

Page  17.  Further  remarks  respecting  the  composition  of  sea- 
water  will  be  found  at  p.  124.  With  respect  to  its  specific  gravity, 
Sir  James  Boss  (Voyage  of  Discovery  and  Research  in  the  Southern 
and  Antarctic  Regions)  mentions  that  in  lat.  39°  16'  S.  and  long. 
177°  2'  W.  (there  being  no  bottom  at  3600  feet),  the  specific 
gravity  at  the  sur&ce  was  1  *  0274 ;  at  900  feet,  1 '  0272 ;  and  at  2700 
feet,  1  * 0268,  all  ascertained  at  a  temperature  of  60°  Fahrenheit.  He 
further  states  that  his  daily  experience  gave  this  diminished  kind  of 
specific  gravity  in  the  depths.  As  evaporation  would  tend  to  render 
the  surface  waters  more  saline,  it  may  be  deserving  of  attention  how 
far  this  cause  may  operate  downwards  in  the  sea.  See  on  thb  sub- 
ject, the  experiments  of  Dr.  Davy,  mentioned  at  p.  114. 

Page  28.  The  cut  (fig.  15),  representing  the  slipping  downwards 

'  the  superficial  decomposed  portions  of  rocks  on  hill  sides  in 

any  counties,  represents,  in   somewhat   too  stiff  a  manner,  the 
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turning  over  of  the  edges  of  the  beds.     This  more  frequently  occurs 
as  shown  beneath  (fig.  309.) 

Fig.  309. 


Page  55.  As  to  the  force  of  breakers  on  the  coasts  of  the  British 
Islands,  Mr.  Stevenson  has  found  by  experiments  at  the  Bell  Rock 
and  Skerryvore  lighthouses  (Proceedings  of  the  British  Association 
for  the  Advancement  of  Science,  Edinburgh,  1850),  that  while  the 
force  of  the  breakers  on  the  side  of  the  German  Ocean  may  be 
taken  at  about  a  ton  and  a  half  per  square  foot,  the  Atlantic 
breakers  were  discharged  with  about  double  that  force^  or  about 
three  tons  to  the  square  foot. 

Page  75.  M.  Morlot  infers  that  the  land  round  the  head  of  the 
Adriatic  is  gradually  sinking,  but  that  the  deposits  of  the  rivers  are 
still  sufficient  to  effect  a  general  gain  upon  the  shores  of  that  sea. 

Page  79.  With  respect  to  the  volcanic  matter  which  over- 
whelmed Herculaneum,  it  is  considered  that  it  was  formed  of  ash 
and  cinders,  like  that  which  covered  Pompeii,  and  not  of  lava. 

Page  90.  According  to  Mr.  Dana  (Geology  of  the  United 
States'  Exploring  Expedition,  1838-42,  p.  26),  the  tides  rise  only 
2  or  3  feet  through  the  eastern  part  of  Polynesia ;  at  Samoa  4  feet ; 
at  the  Feejee  Islands  6  feet ;  and  at  New  Zealand  8  feet. 

Page  131.  It  is  considered  that  it  is  rather  humic  acid  than  tannin 
which  preserves  the  animal  substances  in  bogs. 

Page  164.  As  regards  the  pressure  at  different  depths  of  the  sea, 
Dr.  Buckland  mentions  (Bridgewater  Treatise,  vol.  i.,  p.  345),  that 
*'  Captain  Smyth,  R.N.,  found,  on  two  trials,  that  the  cylindrical 
copper  air-tube,  under  the  vane,  attached  to  Massey's  Patent  Log, 
collapsed,  and  was  crushed  quite  flat  under  the  pressure  of  about 
300  fathoms  (1800  feet).  A  claret  bottle,  filled  with  air,  and  well 
corked,  was  burst  before  it  descended  400  fathoms  (2400  feet). 
He  also  found  that  a  bottle  filled  with  fresh  water,  and  corked,  had 
the  cork  forced  in  at  about  180  fiithoms  (1080  feet).  In  such  cases 
the  fluid  sent  down  is  replaced  by  salt  water,  and  the  cork  which 
had  been  forced  in  is  sometimes  reversed."  Dr.  Buckland  adds, 
that  Sir  Francis  Beaufort  had  informed  him  that  he  has  frequently 
sunk  corked  bottles  in  the  sea  more  than  600  feet  deep,  some  of 
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them  empty,  others  coDtaining  some  fluid ,  ^'  The  empty  bottles  were 
sometimes  crushed,  at  other  times  the  cork  was  forced  in,  and  the  fluid 
exchanged  for  sea  water.  The  cork  was  always  returned  to  the  neck 
of  the  bottle,  sometimes,  but  not  always,  in  an  inverted  position." 

Dr.  Scoresby  (Arctic  B^ons,  vol.  ii.,  p.  193)  gives  an  account 
of  a  boat  pulled  down  to  a  considerable  depth  by  a  whale,  after 
which  the  wood  became  too  heavy  to  float,  the  air  having  been 
forced  out  of  the  pores,  and  replaced  by  water. 

Page  191.  Currents  of  comparatively  low  temperature  sweep 
from  the  colder  and  southern  regions  against  the  continents  of 
Africa  and  America. 

•  Page  238.  With  reference  to  the  snow  line  on  the  northern 
flank  of  the  Himalaya,  Dr.  Hooker  states  (letter  to  Sir  William 
Hooker,  from  Tungu,  N.E.  Sikkim,  altitude  13,500  feet,  July  25, 
1849),  that  ^*  the  snow  line  in  Sikkim  lies  on  the  Indian  side  of  the 
Himalayan  range,  at  below  15,000  feet;  on  the  Thibetan  (northern) 
slope,  at  about  16,000  feet." 

Page  240.  Experiments  do  not  seem  to  give  the  temperature  at 
which  the  evaporation  of  snow  or  water  ceases,  so  that  though  a 
limit  may  be  inferred  for  this  evaporation  at  some  [height  to 
which  parts  of  a  mountain  chain  might  be  elevated,  it  may  readily 
happen  that  there  are  none  such  on  the  solid  face  of  the  globe,  the 
vapour  of  water  always  mixing  with  the  gases  of  the  atmosphere 
up  to  all  the  heights  in  it  to  which  the  parts  of  the  earth's  surfiice 
have  been  protruded. 

Page  247.  The  debris  on  mountain  sides  often  completely  masks 
their  character  as  left  anterior  to  such  coverings.  There  are  few 
mountainous  regions  which  do  not  show  this  when  carefully  ex- 
amined. Mining  operations  often  prove  it  on  the  sides  of  hills. 
Bavines,  where  ravines  may  not  be  uncommon,  are  usually  fiivour- 
able  for  observations  on  this  head ;  as,  for  example,  many  instances 
are  to  be  found  in  Derbyshire,  where  the  faces  of  steep  ground  are 
oftoi  modified  in  this  manner,  the  long^continued  action  of  atmo- 
spheric influences  having  smoothed  off  many  a  precipitous  hill  side, 
where  the  same  efi^ects  are  in  daily  progress.  As  to  this  action,  it 
has  greatly  modified  the  face  of  most  countries,  old  clifis  being 
obliterated  in  various  directions,  in  the  manner  shown,  figs.  156,  157, 
(pp.  523,  526),  especially  when  the  weathering  of  the  protruding 
rocks,  and  the  abundant  fall  of  fragments  of  them,  are  combined 
with  landslips,  such  as  take  place  as  well  inland  as  on  certain 
coasts,  fig.  14,  p.  26. 
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Page  270.  Any  outward  motion  of  the  great  ice  barrier,  how- 
ever slow,  by  bringing  portions  of  it  forward  which  were  based  on 
land  or  shallow  sea-bottonis,  into  the  depths  where  its  base  could 
be  melted,  would  tend  also  to  keep  those  parts  flattened  which 
otherwise  might  have  a  large  amount  of  snow  and  ice  accumulated 
upon  them,  supposing  such  accumulation  to  be  beyond  the  loss  by 
melting  and  evaporation. 

Pi^  271.  The  cut,  fig.  93,  gives  the  floating  iceberg  a  form 
somewhat  too  regular. 

Page  479.  With  respect  to  the  boracic  acid  lagunes  of  Tuscany, 
we  would  refer  for  a  general  view  of  their  mode  of  occurrence  to 
the  memoir  by  Sir  Roderick  Murchison,  ^*  On  the  Vents  of  Hot 
Vapour  in  Tuscany,  and  their  Relations  to  Ancient  Lines  of  Frac- 
ture and  Eruption ;"  Journal  of  the  Geological^  Society  of  Lon- 
don, vol.  vi.,  p.  367. 

A  boracite  is  inferred  to  constitute  part  of  a  rock-salt  formation 
at  Strassfurth,  occurring  as  a  compact  bed.  Its  composition  is : 
boracic  acid  69*49;  magnesia  29*48;  carbonate  of  iron  1*03; 
vith  traces  of  carbonate  of  manganese  and  hydrous  peroxide  of 
iron. 

Page  529.  With  reference  to  the  raised  masses  of  blown  sands  in 
Cornwall,  Mr.  Edmonds  has  found  (Proceedings  of  the  Geol(^cal 
Society  of  Cornwall,  1848)  the  abundant  remains  of  Helix  ptU- 
chella  in  those  sand-hills,  a  mollusc,  however  formerly  abundant, 
now  becoming  extinct.  In  Phillack  Towans  (sand-hills)  the  remains 
of  land  molluscs  have  been  discovered,  not  now  known  near  them, 
viz.f  Helix  fttlvay  Pupa  marginata^  Vertigo  palustris^  V,  pygnuea^ 
and  Zanites  pggnusus. 

Page  694.  As  sea,  or  rather  estuary  waters,  are  inferred  partly 
to  percolate  into  the  chalk  beneath  London,  supplying  the  place  of 
the  waters  pumped  up  from  it,  some  caution  is  needed  as  to  the 
source  of  all  the  chloride  of  sodium  in  the  chalk  so  situated. 

Page  698.  As  respects  the  alteration  of  detrital  rocks  in  contact 
with  mineral  matter  which  has  been  in  a  molten  state,  it  is  needful 
to  bear  in  mind  that  this  may  also  be  efi'ected  should  ditrital  accu- 
mulations cover  a  mass  of  igneous  rock  beneath  water  before  it  is 
completely  cooled,  so  that  even  a  comparatively  cooled  surflice 
may  again  be,  to  a  certain  extent,  re-heated,  and  act  on  the  super- 
jacent sediment,  through  which  the  beat  passing  off  from  the 
igneous  rock  has  now  to  pass. 
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Page  705.  The  change  of  the  great  mass  of  coal  in  South  Wales 
and  Ireland,  by  whieh,  without  reference  to  contortions  and  foldings 
of  the  beds,  the  anthradtic  state  is  produced  on  the  large  scale, 
forcibly  reminds  us  of  a  modification  produced  by  descent  baieath 
the  surfiice  of  the  earth  to  conditions  where  a  high  temperature  is 
obtained. 

Page  731.  Directions  of  Mountain  RcMges. — ^In  a  note  ^^  Sur  la 
Correlation  des  Directions  des  differents  Systemes  de  Montagues" 
(Comptes  Bendus,  9  Septembre,  1850),  M.  £lie  de  Beaumont 
calls  attention  to  the  present  known  directions  of  mountains,  and 
their  adjustment  to  a  pentagonal  network  formed  by  the  intersec- 
tion of  fifteen  great  circles  of  the  sphere.  For  the  mode  of  inves- 
tigatiou  on  which  this  view  is  founded,  our  limits  compel  us  to  refer 
to  the  memoir  itself.  M.  tMe  de  Beaumont  concludes  his  note  by 
remarking  that  ''  the  fifteen  circles  which  divide  the  surfiice  of  the 
sphere  into  twelve  regular  pentagons  possess  the  property  of  the 
minimum  contour  of  the  system  of  lines  of  most  easy  crushing 
{plus  facile  ecrcuement).  If  the  rid^g  of  the  earth's  crust  were 
simultaneously  produced,  these  fifteen  circles  would,  perhaps,  be 
alone  traced ;  but  as  the  production  of  the  different  systems  of 
mountuns  has  been  successive,  the  octahedral,  dodecahedral,  and 
others,  have  probably  been  the  forms  necessarily  intermediate  in 
passing  from  one  to  the  other  of  the  fundamental  circles." 

Page  777.  Mines  of  Cornwall  and  Devon. — ^The  observer  will 
find  a  considerable  mass  of  important  information  respecting  these 
mines,  in  Mr.  Hen  wood's  work  on  the  Metalliferous  Deposits  of 
Cornwall  and  Devon ;  with  Appendices  on  Subterranean  Tempe- 
rature, the  Electricity  of  Rocks  and  Veins,  the  Quantities  of  Water 
in  the  Cornish  Mines,  and  Mining  Statistics,  forming  vol.  v.  of 
the  *^  Transactions  of  the  Royal  Greological  Society  of  Cornwall," 
Penzance,  1843. 

Page  324.  By  casting  a  glance  at  a  map  representing  the  range 
of  isothermal  lines  on  the  sur&ce  of  the  earth,  it  will  be  seen 
that  the  temperature  of  the  area  of  the  British  Islands  would  be 
materially  lowered  by  the  comparatively  slight  geological  depres- 
sion of  the  Isthmus  of  Panama,  which  should  permit  the  passage  of 
the  waters  of  the  Gulf  of  Mexico  into  the  Pacific,  thus  destroying 
the  Gulf  stream. 
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detritus  in  English  channel,  580. 
Azmouth,  destruction  of  clifi*s  at,  26. 

Babbaoe,  Mr.,  on  elevation  and  depres- 
sion of  coaste,  of  Bay  of  Naples,  505 ; 
on  movements  of  land  from  increase 
and  decrease  of  its  heat,  506. 

Baku,  mud  volcanos  or  salses  o^  474. 

Baltic,  deposits  in  the,  83 ;  'analysis  of  its 
water,  84;  efibcts  of  ice  in,  288. 

Barrier  Reef  of  Australia,  208,  228. 

Basalt,  mineral  composition  of,  465 ;  re- 
lative fusibility  o^  ib. ;  chemical  com- 
position of.  466 ;  relati-ve  antiquity  of 
i6. ;  globular  structure  o^  467;  c 
lumnar  structure  of,  468. 
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B«ftehc8,  cfaangM  of  rditive  level  of, 
on  tidal  coasu  depresMd  or  eleYsted, 
522 ;  andeiit.  Among  foflsitiferoas  rocks, 
importance  o^  547 ;  of  the  time  of  the 
Silurian  rocks,  548;  of  old  red  sand- 
stone period,  Scotland,  £6. ;  of  Chair 
of  Kildare,  Ireland,  549 ;  of  new  red 
sandstone  time,  a6. 

Beaufort,  Admiral  Sir  Francis,  on  in- 
flammable gas  of  the  Yanar,  474. 

Beaumont,  M.  £lie  de,  on  declivities  of 
gladers,  306 ;  on  the  direction  of  the 
fissaresofEtna,440;  on  Etna,  443;  on 
origin  of  the  Val  del  Bove,  447 ;  his 
▼lews  respecting  directions  of  moan- 
tain  chains,  731 ;  on  metalliferous  and 
volcanic  emanations,  771;  on  initial 
volatilization  of  metallic  substances  in 
veins,  773 ;  on  correlation  of  directions 
of  mountain  chains,  832. 

Becquerel,  M.,  on  partial  conversion  of 
steel  plate  into  suver,  Mint,  Paris,797 ; 
on  substances  produced  by  slow 
secondary  electrical  action,  773. 

Beechev,  Captain,  on  coral  islands,  199. 

Beds,  formed  around  volcanic  islands, 
character  of,  450 ;  formed  by  unequal 
drift,  614. 

Beds  of  rocks,  different  consolidations 
of,  in  same  group,  694. 

Belcher,  Sir  E.,  on  the  movement  of  a 
current  at  40  fathoms,  608. 

Belemnites,  multitudes  of,  lias,  Golden 
Cope,  near  Lyme  Regis,  619. 

Bending,  contortion  and  fracture  of 
rucks,  726. 

Bending  and  plication  of  rocks,  artificial 
illustration  of,  738. 

Bermudas,  coral  reefs  at,  22 J. 

Binney,  Mr.,  on  Stigmaria,  577. 

Birds,  preservation  of  their  remains,  138 ; 
foot-prints  of,  on  surfaces  of  rock,  Con- 
necticut, 602. 

Bischoff,  M.  Gttstav,  experiments  illus- 
trative of  deposit  of  mineral  matter 
in  fissures,  767. 

Black  Sea,  deposits  in  the,  83. 

Boring  molluscs,  carboniferous  limestone 
pierced  by,  at  time  of  inferior  oolite, 
559 ;  Has  con^omerate  drilled  by,  561 ; 
inferior  oolite  pierced  by  during  accu- 
mulation, t6. 

Breakers,  force  of,  54,  61 ;  action  of  on 
volcanic  products,  St.  raul*s  Island, 
Indian  Ocean,  459 ;  force  of,  in  Soot- 
land,  on  side  of  German  Ocean,  and 
of  Atlantic,  829. 

Breaker  action,  great  denudation  from, 
810. 

Brewer's  Hill,  county  Wicklow,  compU- 
<«tion  of  bedding,  cleavage  and  jomt- 
ig  near,  725. 

gend,  Glamorganshire,  quarts  rock, 
trias  near,  695. 

tol  Channel,  deposits  in,  96, 101, 148 ; 
aches  of  thne  of  new  red  sandstone 


near,  550^  554;  mode  of  acnmwiiartoo 
of  dolomitic  limestone  near,  573 ;  Iboi- 
prints  of  animals  on  muddy  shores  oi^ 
604. 

Bristol,  amoont  of  denudation  near,  819. 

Britain,  climate  formerly  colder,  S2S; 
tertiaiT  mammalia  in,  207. 

British  islands,  map  of  the  100  fiithom 
line  round,  105 ;  m^  o^  when  depress- 
ed 1000  feet,  aoi ;  effects  of  submer- 
gence on,  300;  older  igneous  prodncts 
oi^  636 ;  effects  of  squeezing  and  eleva- 
tion of  into  great  range  of  mountains, 
783. 

British  Seas,  distribotiaD  of  marine  life 
in,  175;  mammoth  remains  found  in, 
333. 

Bogs,  how  formed,  130. 

Bombs,  volcanic,  982. 

Boracic  acid,  of  Tuscany,  478. 

Bath,  springs  of,  22. 

Boutigny,  M.,  experiments  on  incaadea- 
cent  bodies,  393. 

Bourbon,  Isle  of,  coral  reefs  near,  206. 

Bow  Island,  account  o^  200. 

Brighton,  raised  beach  near,  5fi9. 

Brongniart,  M.  Alex.,  on  Fused  coast  of 
Uddevalla,  510. 

Brown,  Mr.  Biehard,  on  vertical  plants 
in  coal  measures,  Cape  Breton,  582. 

Buckland,  Dr.,  on  riaciers  in  Scotland, 
310;  on  the  fomal  elephant,  334;  on 
Kirkdale  cave,  342 ;  on  osseus  breccia, 
358 ;  on  fossil  trees  and  ancient  soils 
of  Isle  of  Portland,  596 ;  on  mammal 
remains,  oolitic  series,  Stonesfield,  69S. 

Buckland,  Dr^  and  Mr.  W.  D.  Cony- 
beare,  on  submarine  forest.  Bridge- 
water  levels,  517. 

Buddie,  Mr.,  on  erosion  of  ooal  bed% 
Forest  of  Dean,  589. 

Bunsen,  Professor,  on  the  compoationof 
palagonite  tuff  of  Icdand,  425 ;  cm  ac- 
tion of  water  and  adds  on  palagonite 
tuff,  427 ;  on  the  mode  of  action  of  Uie 
Geysers,  Iceland,  430;  on  gypsum  de- 
posits of  Iceland,  434;  on  volcanie 
sublimations  of  muriate  of  ammonia^ 
435. 

Bwlch-hela,  near  Penrhyn  Quarries,  N. 
Wales,    cleavage   through  contorted 

.   sandstones  at,  711. 

Caikah  of  West  Indies,  138. 

Caldera,  the.  Island  of  Palms,  Canaries, 
443. 

Cambrian  rocks,  conglomerates  o^  Ban- 
gor, North  Wales,  548. 

Carbonic  acid,  action  o^  on  certain  sili- 
cates, 697. 

Carburetted  hydrogen,  exhslstions  of^ 
473. 

Cardigan  Bay,  map  of;  94 ;  tides  in,  95. 

Carglase  Tin  Mine,  ComwaU,  stanni- 
ferous veins  amid  joints  in  granite  o^ 
787. 
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Carne,  Mr.,  on  character  of  rocks  in 
Cornwall,  affecting  contents  of  mineral 
veins,  780. 

Camon  steam  works,  human  skulls  found 
in,  518. 

Caspian  Sea,  nature  of  its  waters,  84, 
121 ;  deposits  in,  118. 

Caves  and  minor  cavities,  metalliferous, 
of  Derbyshire,  783. 

Cavities,  circular,  produced  during  earth- 
quakes, 492 ;  amid  rocks,  action  and  re- 
action of  substances  in,  774. 

Cawsand,  Plymouth  Sound,  porphyry 
of,  654.. 

Central  Asia,  volcanos  o^  462. 

Central  France,  extinct  volcanos  of, 
463. 

Cetaceans,  remains  o^  150. 

Chair  of  Kildare,  hills  of,  range  of 
cleavage  diagonally  through  beds  of, 
711. 

Chalk,  composition  of  water  of,  beneath 
London,  693 ;  altered  by  basalt.  Isle 
of  Raghlin,  700. 

Channels,  eroded  in  coal  measures.  Forest 
of  Dean,  590 ;  of  erosion  in  coal  mea- 
sure detrital  deposits,  Pembrokeshire, 
ib. 

Character  of  surfaces  of  rocks,  606. 

Charlestown  and  Crinnis  Mines,  Com* 
wall,  range  of  mineral  veins  at,  754. 

Chesil  Bank,  Dorsetshire,  65. 

Chiastolite,  formation  of,  in  altered 
rocks,  703. 

Chili,  elevation  of  coast  of,  during  earth- 
quakes, 500;  extent  of  great  earth- 
quake at,  481. 

Chloride  of  sodium,  dissemination  of, 
amid  rocks,  694. 

Clarke,  Rev.  W.  B.,  on  Lain  island, 
226. 

Cleavage,  influence  of,  on  the  decompo- 
sition of  rocks,  10. 

Cleavage,  706 ;  in  mixed  beds  of  sand- 
stone and  argiUaceous  matter,  707  ;  in 
limestone  and  shale,  708 ;  modification 
of  in  passinff  through  thin  beds  of 
limestone  anud  shale,  709 ;  minor  in- 
terruption of  passing  junction  of  beds, 
ib.]  on  the  large  scale,  710;  through 
contorted  beds,  711 ;  ranging  diagon- 
ally through  bedding,  ib,;  double,  712 ; 
relative  dates  of,  713;  distortion  of 
orguiic  remains  by,  714;  different  di- 
rections of,  in  same  or  juxtajposed 
districts,  716 ;  gathering  of  nuneral 
matter  in  planes  of,  717. 

Cleaved  and  jointed  rocks,  subsequent 
movement  o^  724. 

Cliflb,  effects  of  the  sea  on,  56. 

Clyde,  newer  pliocene  deposits  of  the, 
323. 

Coal  beds,  extent  of,  588;  partial  re- 
moval of,  during  coal  measure  deposit, 
589 ;  effects  of  squeezing  upon,  Pem- 
brokeshire, 744. 


Coal  measures,  evidence  afforded-  by. 
576 ;  stu;maria  beds  of,  577  ;  vertical 
stems  ofplants  in,  578 ;  mode  of  fillmg 
up  hollow  vertical  stems  of,  580; 
growth  of  terrestrial  plants  in  succea- 
sive  planes  in,  582;  thickness  of,  581 ; 
false  bedding  in  sandstones  o^  585; 
surfaces  of  sandstones  of,  586 ;  drifts 
of  matted  plants  in,  587 ;  extent  of  coal 
beds  in,  588 ;  partial  removal  of  coal 
beds  of,  during  general  deposit,  589 : 
lapse  of  time  during  accumulation  oi^ 
591 ;  pebbles  of  coal  in,  592;  marine 
remains  in  parts  of^  593;  mode  of 
deposit  of,  594 ;  flexures  and  plications 
of  in  South  Wales,  743. 

Coal,  pebbles  of,  in  coal-measure  accu- 
mulations, 592. 

Coasts,  action  of  sea  'on,  53 ;  influence 
on  organic  life  and  preservation  of 
remains,  151,  184;  distribution  of 
animals  on,  178;  effects  of  ice  on, 
282 

Coasts,  rivers  and  lakes,  effects  on 
during  continued  elevation  of  land 
above  sea,  564. 

Cold,  effects  of  its  general  increase,  289, 
304. 

Colenso,  Mr.,  on  beds  composing  Pen- 
tuan  tin  stream  works,  Comwi^X  ^i9* 

Colours  and  signs,  advanti^e  of  mixture 
of,  in  geological  maps,  823. 

Compact  felspar,  character  and  com- 
position of,  657. 

Complication  of  surface,  produced  by 
smoothing  down  single  dislocation, 
under  certain  conditions,  752. 

Component  parts  of  rocks,  consolidation 
ana  adjustment  of,  683. 

Component  parts  of  beds,  flexures  and 
plications  of,  744. 

Composition  of  the  volcanic  taSk  near 
Maples,  424. 

Conglomerates  and  volcanic  tu£B^  mixed 
beds  of,  with  lava,  in  Pacific  islands, 
449. 

Conglomerates,  joints  in,  722. 

Coohng  globe,  effects  of,  on  rocks  on  sur- 
face, 730. 

Corals,  in  British  seas,  177 ;  general  dis- 
tiribution  of,  190 ;  migrations  of  when 
young,  192 ;  chemical  composition  of, 
193;  conditions  of  growth,  221. 

Cond  reefs,  formation  of,  194;  condi- 
tions under  which  they  occur,  215; 
influence  of  volcanos  on,  219,  236; 
elevation  of  above  the  sea,  225. 

Cordier,  M.,  on  mode  of  obtaining  tem- 
perature of  the  earth,  536. 

Cornwall,  action  of  the  sea  on  coasts  of^ 
64;  sand-hills  on  coasts  of,  71 ;  joints 
amonff  granite  in,  719;  fragmentary 
lodes  in,  799. 

Cornwall  and  Devon,  granites  of,  648  : 
influence  of  dissimilar  rocks  on 
mineral  veins  in,  780. 
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Corres  d«  Serra,  Mr.,   on    submarine 

forests,  Lincolnshire,  517. 
Coto^xi,  structure  of  its  cone,  383,  384 ; 

descent  of  wi^er  ih>m,  405. 
Covering,    slight,     above    graniteS)    in 

Wicklow,  Wexford  and  ComwaU,  666. 
Cracked  siurfaces  of  deposits,  601. 
Crag  deposits,  363. 

Crantock  Church,  Cornwall,  biult  of  con- 
solidated shell  sand,  527. 
Craters  of  elevation,  368 ;  eruption,  369. 
Crater  lagoons,  volcanic  islands,  457. 
Cretaceous  rocks,  overlap  of,  in  England, 

600. 
Crust  of  the  earth,    proportion  of  100 

miles  deep  of,  to  volume  of  world,  728. 
Crystalline  modification  of  rod^  700. 
Currents  in  the  Mediterranean,  82 ;  the 

ocean,  107 ;  influence  of,  in  distributing 

sediment,  113. 
Cwm  Llech,    Glamorganshire,   vertical 

stems  of  plants  in  coal  measures  of, 

578. 
Cwm-ddu,  Llangammarch,  concretionary 

arrangement  of  beds  of  Silurian  series 

near,  689. 
Cwm  Idwal,  Caernarvonshire,  distortion 

of  organic  remains,    by  cleavage  at, 

714. 
Cyanite,  formation  of,  in  altered  roeks, 

708. 

Dana,  Mr.  J.,  on  corals,  193;  on  voi- 
canos  of  Llawaii,  385;  on  volcanic 
islands  in  the  Pacific,  449  ;  on  volcanic 
fissures  of  the  Hawaiian  Islands,  439. 

Dardanelles,  effect  of  closing  the  Straits 
of  Gibraltar  upon,  567. 

Darwin,  Mr.  C,  on  coral  islands,  194; 
on  elevation  of  coral  reefs,  232;  on 
glaciers  in  Wales,  311 ;  on  elevation 
of  erratic  blocks,  313 ;  on  the  lamina- 
tion of  volcanic  rocks.  ^0;  on  vol- 
canic tuff  of  Chatham  IsUnd,  425. 

Daubeny,  Dr.,  on  globules  and  lamina- 
tion of  Li  pari  obsidian,  421 ;  on  the 
gas  evolved  from  the  Solfatara,  Puz- 
zuoli,  429 ;  on  nitrogen  of  volcanos, 
434 :  on  Santorin  group.  451,  453 ;  on 
mua  volcanos  of  Maculat>c^  476. 

Dean,  Forest  of,  removal  of  coal  beds  at 
time  of  coal-measure  deposit  in,  589. 

Decompomtion  of  rocks,  1. 

Deer,  foot-prints  of,  around  trees  of  sunk 
forests.  South  Wales,  520. 

Deltas  in  pools  of  water,  29 ;  in  lakes. 
50-62;  in  tideless  seas,  72;  in  tidal 
seas,  97;  preservation  of  organic  re- 
mains in,  134,  145^  147. 

Delta  lands,  effects  of  gradual  subsidence 
of,  on  vegetation,  5'J4. 

Denudation,  effects  of,  on  surface,  after 
dislocation  of  various  rocks  and  mine- 
ral veins,  752 ;  or  partial  removal  of 
rocks,  809 ;  island  masses  of  rook  left 
by,  814 ;  contorted  rocks  worn  down 


by,  815;  exposore  ot  old 

by,  817 :  amount  of  matter  xemoTed 

by,  818 ;  in  South  Wales  and  adjaecnt 

English  counties,  amount  o^  819. 
Densities,  relative  mean,  of  sorftee  and 

mass  of  earth,  772. 
Derbyshire,    igneous    rocks  aasocistwl 

with  carbonircrons  limestone  o^  64i2 ; 

mineral  veins    aoiid  limestones    and 

igneous  rocks  of,  782 ;  various  modes 

of  occurrence  of  mineral  veins  ja,  7S4 ; 

debris  on  hill  sides  o^  830. 
Detrital  deposits,  variable  consolidatifts 

of;  695. 
De  Vemeuil,  M.,  on  BMid  velcanos  of 

Taman  and  Eastern  Crimesy  47B. 
Devonshire,  action  of  the    sea  osi  its 

coasts,  64. 
Devon  and  Cornwall,  ancient  igneses 

products  in,  640. 
Devonian  rocks,    contemporaneous  ig- 
neous products  in,  640. 
Diagonal  arrangement  of  the  minor  psrts 

of  beds  among  detrital  rocks,  SIS. 
Diallage  rock  of  ComwaH,  668. 
Diatomacese,  distribution  o£  275. 
Different  rocks,  influence  o4  on  minflral 

veins,  780. 
Dip  of  beds,  faUaeions  ^pesraaees  ie> 

spectin^  730. 
Distribution  of  animal  and  vegetable 

life  at  different  geological  tines,  CSL 
Dukhun,  great  area  of  basalt  in,  467. 
Dismal  swamp,  131. 
Deposits,  slUceoos,  from  the  Geysers, 

Iceland,  432. 
Detrital  and  fossiliferous  rocks^  BM»de  of 

accumulation  of,  543;  ^iefly  oldaes> 

bottoms,  544;   disgonal  amngeoient 

of  minor  parts  of,  612, 
Detritus,  of^the  Alps,  35 ;  with  remains  of 

molluscs,  321 ;  transport  of  by  rivets, 

34;  by  tides,  89, 103;  by  currents^  113; 

by  icebergs,  265,  272;    by  rivei^icc, 

279 :   drift  of;  from  sbaUov  to  deep 

sesphottoms,  612. 
Dolerite,  eoraposttiaa  of,  407. 
Dolomidc  limestone,  mode  of  deposit  of, 

ne^  Bristol,  573. 
Dome-shi4ped  igneous  matter,  raising  sod 

splitting  of,  442. 
'  Dorsetshire,  action  of  the  sea  oa  coasts 

of,  65. 
Dranse,  temporary  lake  and  floods  o^4S. 
Drawing,  mmtacy,  advantage  of;  831. 
Drifted  organic  remains,  617. 
Drifts  of  matted  plants  in  coal  measmres, 

587. 
Dry  land,  in  great  part  bottoms  of  ancient 

seas  and  lakes,  544 ;  prceent,  variable 

effects  of  submergence  oi,  574. 
Dubois  de  Montpereux,  M.,  <m  mod  ^nAr 

caaos  of  Taman,  475. 
Duftenoy,  M.,  on  oamposition  of  vefesnic 

ashes,    422;   on    the   ooauMMition  of 

volcanic  tuffs,    424;   on  nwsilileroiis 
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voleaauc  tuff  of  Monte  Somma,  448 ; 

on  structure  of  volcanic   tuff,   near 

Staples,    »6;    on    origin    of    Monte 

Somma,  449. 
Duncan,  Dr.,  on  foot^prints  of  animals 

on  surfaces  of  rocks,    Com    Cockle 

Muir,  Dumftieshire,  602. 
Duni-aven  Castle,  South  Wales,  mode  of 

occurrence  of  Uas  at,  556. 
Dykes   of   lava,  Yal  del  Bore,    Etna, 

437. 
Dykes  amid  conglomerates  of  ancient 

igneous  rocks,  639. 
Dykes,  igneous,  uncertain  date  of  many, 

649. 


Earthquakes,  479 ;  connexion  of,  with 
volcanos,  480 ;  areas  disturbed  bv,  481 ; 
transmission  of  vibrations  of,  482; 
earth-waves  of,  484 ;  sea-waves  of,  ib ; 
unequal  transmission  of,  488;  looai 
interruptions  of,  ib. ;  locally  extended 
range  of,  489 ;  effects  of  on  lakes  and 
rivers,  495 ;  sounds  accompanying,  497 ; 
fissures  produced  during,  491 ;  settle- 
ment ox  unconsolidated  beds  during, 
492 ;  circular  cavities  produced  during, 
ib'y  elevation  and  depression  of  land 
during,  498 ;  action  or,  on  sea-bottoms, 
611. 

Earth's  surface,  unstable  state  of,  512. 

Earth,  temperature  of^  534. 

Earth-wave,  of  earthquakes,  484. 

Ebelmen,  M.,  method  of  producing  arti- 
ficial minerals  by,  663. 

Effects,  of  eartbquaJKes  on  sea-bottoms, 
611. 

Effects  of  gradual  subsidence  of  delta 
lands  on  vegetation,  594. 

sea-bottom    being    raised    round 

British  islands,  599. 

Egerton,  Sir  P.,  on  the  ossiferous  caves 
of  the  Ilartz,  350. 

Ehrenberg,  Prof.,  on  coral  reefs,  213 ;  on 
infusorial  remains  in  rocks,  630. 

Elephant,  fossil,  notice  of,  327,  334,  339, 
361. 

Elevation  and  depression  of  bottom  in 
the  ocean,  605. 

of  land,  present,  gradual  in  Norway 

and  Sweden,  507. 

Elevations  of  mountain  chains,  731. 

Elvans,  of  Cornwall  and  Devon,  mode 
of  decomposition  of,  5 ;  range  of,  651 ; 
composition  ofl  ib  ;  dates  of,  654 ;  of 
Wicklow  and  Wexford,  655 ;  character 
of  mineral  veins  traversing,  in  Corn- 
wall, 778. 

Elvan  dyke,  fallacious  appearance  of, 
traversing  mineral  veins,  755. 

Emanations,  metalliferous  and  volcanic, 
771. 

England,  former  connexion  of  with  the 
Continent,  333,  337. 

Ens:lish  Channel  tides  in  the,  91 ;  analy- 


sis of  water  of,  125.;  distribution  of 
detritus  in,  530. 

Erie,  Lake,  draining  of,  45. 

Erratic  blocks,  origin  of,  294;  trans- 
portal  of  by  glaciers,  309 ;  of  the  Alps, 
314;  of  northern  Europe,  816;  of 
America,  318. 

Erroob  Island,  coral  reefs  with  lava,  236. 

Eschscholtz  Bay,  elephant  remains  at, 
334. 

Etna,  eruptions  from,  396, 404;  direction 
of  fissures  at,  440 ;  form  and  structure 
of,  446. 

Europe,  form  of  its  coasts,  159 ;  effects 
of  submergence  on,  304,  307 ;  changes 
of  land  and  sea  in,  331 ;  mammoth  re- 
miuns  in,  341. 

Extent  of  coal  beds,  588. 

Extinct  volcanos,  463. 

Exeter,  igneous  rooks  near,  653. 

FaiiSe  bedding  in  coal-measure  sand- 
stones, 585. 

Faraday,  Dr.,  on  the  liquidity  of  gases 
under  pressure,  441. 

Faults,  temperature  of  waters  rising 
through,  537;  well  seen  usually  in 
mining  districts,  745;  of  different  dates, 
748;  of  Somersetshire,  in  coal  measures, 
and  inferior  rocks,  smoothed  off  before 
deposit  of  new  red  sandstone,  749; 
caution  respecting  the  shifting  of  one 
by  another,  750 ;  considerable,  shifting 
rocks  and  mineral  veins,  near  Kedrutl^ 
Cornwall,  751 ;  fallacious  appearances 
arising  from,  753 ;  different  traversing, 
754 ;  range  of,  in  Cornwall  and  Devon, 
756  :  inlaying  mass  of  coal  measures, 
Norton  and  Newgale,  Pembrokeshire, 
ib ;  in  Somerset  and  Dorsetshire,  753 ; 
near  Swansea,  759 ;  inclination  oi\  760 ; 
parts  of  deposits  preserved  by,  761 ; 
complicated,  762. 

Fawnog,  Flintshire,  remarkable  '  flat ' 
of  lead  ore  at,  785. 

Felspars,  chemical  compositions  of  vari- 
ous, table  of,  411. 

Felspar  crystals,  amid  altered  stratified 
rocks,  699. 

Fingal's  Cave,  basalt  of,  471. 

Fish,  ejected  from  volcanos,  403 ;  fossil, 
occurring  as  if  suddenly  destroyed, 
618. 

Fissures,  in  volcanos,  filled  by  molten 
lava,  437 ;  earthquake,  flame  and  va- 

5 ours  from,  496 ;  through  rocks,  pro- 
uction  and  directions  of,  746;  in  rocks, 
split  at  their  ends,  7.54 ;  effects,  amid 
mixed  rocks,  of  lines  of  least  resistance 
to,  755 ;  filling  of  with  mineral  matter, 
763 ;  filling  of  minor,  765 ;  deposits 
from  solutions  in,  769 ;  opened  beneadi 
seas,  770 ;  character  of  substances  fill- 
ing, 772 ;  action  and  re-action  of  sub- 
stances in,  774 ;  coating  of  walls  of,  b 
mineral  matter,  798;  coated  by  di 
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aimilar  Babstanees,  800 :  sevenl  suc- 
ceasiye  movements  in  tne  same,  801 ; 
sliding  of  sides  of^  on  mineral  matter 
accumulated  at  intervals,  802;  frac- 
tures tbrougb  contents  of,  806. 

Fitton,  Dr.,  on  earthy  (ancient  soil)  bed, 
Tale  of  Wardour  and  Boulonnais,  596 ; 
on  fossil  shells  in  the  position  in  which 
their  animals  lived,  616. 

Fitzroy,  Gapt.  R.N.,  on  effects  of  earth- 
quake on  coasts  of  Chili,  501. 

Flames  from  volcanos,  374. 

Floods,  geological  effects  of,  31. 

Foot-prints  of  air-breathing  animals  on 
the  Burfkces  of  rooks,  602;  on  mud  and 
sand,  147. 

Forbes,  Prof.  E.,  on  the  distribution  of 
marine  animals  in  the  JEgean  Sea,  168 ; 
on  zones  of  depth  in,  £6;  in  British 
seas,  175 ;  on  the  origin  of  the  British 
flora,  324 ;  on  Santorin  group,  455 ;  on 
movements  of  coast,  Bay  of  Maori, 
511 ;  on  sheUs  in  raised  beaches  of  the 
Clyde,  530;  on  fossils  of  Longmynd 
district,  548 ;  on  conditions  of  Portund 
and  Purbeck  deposits,  596. 

Forbes,  Prof.  James,  on  glaciers,  241,245 ; 
measurements  of  the  motion  of  glaciers, 
252 :  on  glaciers  in  Skye,  311. 

Forchhammer,  Prof.,  on  the  salts  in  sea- 
water,  124 ;  on  the  effects  of  ice  in  the 
Baltic,  285;  on  solubility  of  part  of 
matter  of  felspars,  769. 

Forest  marble,  diagonal  arrangement  of 


organic  remains  of.  617. 
ossil  trees  and  anci 


Fossil  trees  and  ancient  soils,  Island  of 

Portland,  595. 
Fractures,  considerable,  of  beds,  amid 

plicated  rocks  of    mountain  chains, 


#38. 


Fresh-water  deposits,  evidence  of  land 
from,  563. 

Friction  marks  on  rock  surfaces,  607. 

Frome,  Somersetshire,  mode  of  occurs 
rence  of  inferior  oolite,  near,  560; 
forest-marble  of,  617. 

Fontainebleau,  crystallized  sandstone  of, 
707. 

Foumet,  M.,  on  character  of  rocks  af- 
fecting mineral  veins,  781. 

Fox,  Mr.  Robert  Were,  on  electro-mag^ 
netic  properties  of  mineral  veins,  775 : 
eneriments  illustrative  of  cleavage, 

Fundy,  Bav  of,  foot-prints  of  animals  on 

muady  snores  of,  604. 
Fusibility  of  rocks,  to  be  viewed  with 

reference  to  complete  mixture  of  their 

component  parts,  678. 

Gambibr*8  islands,  203. 
^anges,  bore  wave  in  the,  91 ;  Delta  of 

he,  98. 

"nets,  in  altered  sandstone,  703 ;  pro- 

uction  o^  in  altered  rocks,  ib. ;  com- 

osition  or,  704. 


Gases,  certain,  liquid  under  different 
pressures,  441. 

Geneva,  Lake  of|  soundings  In,  49 ;  de- 
posits in,  51. 

Geological  mi^  and  sections,  821. 

Geysers  of  Iceland,  18 ;  situation  of,  430 ; 
mode  of  action,  t6 ;  mineral  contents, 
431. 

Giant's  Causeway,  jointed  columnar 
structure  of  basalt  at,  470. 

Glaciers,  in  the  Alps,  240;  motion  ol^ 
245,  252;  transport  of  boulders  by, 
253;  rocks  grooved  by,  264;  advance 
and  retreat  of,  245,  256 ;  supposed  ex- 
tension of,  305 ;  table  of  their  declivi- 
ties, 306;  in  Himalaya,  259;  in  the 
Arctic  regions,  ib\  in  the  Antaretio 
regions,  266;  in  South  Georgia,  275; 
in  the  British  Islands,  310. 

Glamorganshire,  thickness  of  coal  mea- 
sures of,  584. 

Glydyr  Vawr,  false  and  irregular  beds 
m,  613. 

Gneiss,  production  of  certain  Idnds  of, 
705. 

Godolphin  Bridge,  Cornwall,  lode  of,  802. 

Graham  Island,  formation  of,  80. 

Granite,  mode  of  decomposition,  2,  7 ; 
relative  date  of^  in  Wicklow  and  Wex- 
ford, anterior  to  old  red  sandstone, 
647  ;  in  Cornwall  and  Devon,  posterior 
to  the  coal  measures,  648;  mode  of 
occurrence  of,  in  south-west  England 
and  south-east  Ireland,  658 ;  veins  oil 
661 ;  schorlaceous,  of  Cornwall  ana 
Devon,  664;  porphyritic,  665;  mine- 
rals, additional  to  those  in  ordinary, 
680;  general  resemblance  of,  in  dif- 
ferent regions,  674;  chemical  differ- 
ence of,  m)m  homblendic  rocks,  i&. ; 
prevalence  of  silica  and  alumina  in, 
675 ;  of  comparatively  recent  date  in 
Catalonia,  676 ;  columnar  appearance 
of,  from  joints,  720;  masses  of,  exposed 
by  denudation  anud  disturbed  rocks, 
742. 

Granitic  rocks,  chemical  composition  of, 
663 ;  alterations  of  rocks  near,  701. 

Graves,  Captain,  R.N.,  survey  of  San- 


torin 


?roup, 


453. 


Great  circles  of  comparison,  for  direc- 
tions of  mountain  chains,  732. 

Great  Criiinis  Lode,  Cornwall,  change  of 
character  of,  in  range  of,  7S0. 

Greenland,  glaciers  in,  260,  262 ;  gradnal 
depression  of  land  at,  510 

Greenstone,  composition  and  character 
of,  673. 

Grenelle,  near  Paris,  temperature  found 
at  Artesian  well  oi^  536. 

Ground,  gradual  submergence  of,  during 
deposit  of  coal  measures,  583. 

Ground-ice,  formation  of,  279. 

Gypsum,  deposits  of,  Iceland,  434. 

Gwennap,  Cornwall,   range  of  elvans, 
lodes  and  eroM 


INDEX. 


839 


HABiTfl,  probable,  of  animals,  regarded 
with  reference  to  distribution  of  or- 
ganic remains,  629. 

Bailsman,  M.,  on  change  of  sulphuret 
into  carbonate  of  lead,  in  mineral  veins, 
793. 

Hawaii,  volcanos  of,  385. 

Ueat,  alteration  of  rocks  on  minor  scale 
by,  698. 

Hecla,  eruptions  of,  398. 

Henry,  Mr.,  on  deposits  of  silica,  from 
silicate  of  soda,  697. 

Hen  wood,  Mr.,  on  mines  of  Cornwall 
and  Devon,  832. 

Hillsborough,  Ilfracombe,  North  Devon, 
cleavage  near,  709. 

Hitchcoclc,  Prof.,  on  foot-prints  of  birds 
in  red  sandstone  series,  Connecticut, 
602. 

Hohnbaum,  Dr.,  on  foot-prints  of  animals 
on  surfaces  of  rocks,  601. 

Holyhead  Mountain,  Anglesea,  cleavage 
through  quartz  rock  at,  712. 

Homogeneity,  effects  of  want  of,  among 
rock  accumulations,  upon  production 
of  fissures,  748. 

Hooker,  Dr.,  on  height  of  snow  line, 
north  and  south  sides  of  Himalaya, 
830. 

Hopkins,  Mr.  William,  on  production  and 
direction  of  fissures,  746. 

Horizontal  deposits,  upon  contorted  rocks, 
caution  respecting,  729. 

Hornblende,  chemical  composition  of,  4. 

Homblendic  rocks,  chief  chemical  dif- 
ferences of,  from  granite,  675 ;  slate, 
produced  by  alteration  of  homblendic 
ash  beds,  702. 

Homer,  Mr.,  on  submarine  forest  of 
Bridgewater  levels,  517. 

Humboldt,  Alex.,  von,  on  the  snow  line. 
289 ;  on  mud  volcanos,  475 ;  on  local 
interruptions  of  earthquakes,  488; 
on  earthquakes  traversing  mountain 
chains,  4SK) ;  on  sounds  accompanying 
earthouakes,  497. 

Hunt,  Mr.  Robert,  experiments  illustra- 
tive of  cleavage,  715. 

Hyena  bones  in  caves,  343. 

Hypersthene  rock.  Cocks  Tor,  Dartmoor, 
702. 


Icebergs,  range  towards  the  equator, 
263.  265.  273;  formation  of,  264;  geo- 
logical effects  of,  265,  272,  285. 

loe,  influence  of,  in  transporting  mineral 
matter,  237,  278,  281.  286;  effects  on 
sea  coasts,  283 ;  of  glaciers,  structure 
of,  242. 

Iceland,  submarine  eruptions  near,  116 ; 
eruptions  of  its  volcanos,  3i)6 ;  com- 
position of  palagonite  tuff  of,  425; 
geysers  of,  430. 

Igneous  matter,  flow  of  from  submarine 
vent8»442. 


Igneous  products,  more  ancient  than 
modem  volcanic,  633;  simple  sub- 
stances composing,  634;  fossils  amid 
older  in  British  islands,  637. 

Igneous  rocks,  ancient,  range  of  in  coun- 
ties Waterford,  Wexford,  and  Wick- 
low,  630 ;  of  Derbyshire,  mode  of  oc- 
currence of,  642;  structure  of,  644; 
range  of,  from  SclUy  Islands  towards 
Tiverton  and  Exeter,  653;  chemical 
composition  of  ancient,  656 ;  general 
resemblance  of,  in  various  parts  of  the 
world,  673 ;  matter  added  to,  by  melt- 
ing of  parts  of  other  rocks,  681 ;  gene- 
ral remarks  respecting,  682 ;  re-adjust- 
ment of  parts  of  altered,  702 ;  modifi- 
cations of,  from  percolations  of  solu- 
tions, 679. 

Icthyosaurus,  preservation  of  skeletons 
of,  620. 

Ilfracombe,  North  of  Devon,  cleavage 
through  contorted  beds  near,  711. 

Imbaburu,  fish  ejected  from,  403. 

Indian  Ocean,  form  of  its  coasts,  159. 

Inferior  oolite,  boring  molluscs  of  time 
of,  559 ;  overlap  of,  Mendip  hills,  560. 

Infusorial  animals,  remains  of  in  rocks, 
630. 

Insects,  recent,  drifted  from  land  by 
winds,  631. 

Insects,  remains  of  in  rocks,  139. 

Inversion  of  coal  measures,  mountain 
limestone  and  old  red  sandstone, 
Langum  Ferry,  Pembrokeshire,  743. 

Ireland,  granite  of  south-eastern,  altera- 
tions of  rocks  near,  701. 

Iron  oxides,  influence  on  colour  of  rocks, 
12. 

Iron  pyrites,  crystals  of,  in  clays  and 
shales,  690. 

Island  masses,  left  by  denudation,  814. 

Island  of  Cape  Breton,  successive  growths 
of  terrestrial  plants  at,  in  coal-measures, 
582. 

Island  of  Jura,  Hebrides,  raised  beaches 
of,  533. 

Islands,  volcanic,  of  Pacific,  449. 

Isomorphous  substances,  409. 


Jamaica,  great  earthquake  at,  492. 

James,  Capt.,  R.E.,  on  mode  of  occur- 
rence of  old  red  sandstone,  Ross,  Here- 
fordshire, 614. 

Java,  volcanos  in,  402,  404. 

Joints,  718;  approximation  of  to  cleav- 
age, tb.;  among  granitic  rocks,  719; 
amid  sedimentary  rocks,  721 ;  among 
coarse  conglomerates,  722;  in  com- 
pact limestones,  723;  in  lias  shales, 
724 ;  metalliferous  deposits  in,  786. 

JoruUo,  sudden  production  of,  4(X). 

Jukes,  Mr.  Beete,  on  Great  Barrier  reef, 
208. 

Jupiter  Serapis,  temple  of,  Puzzuoli,  rise 
and  depression  of,  504. 
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JunctlonB  of  gnnito  «Ad  schiitose  rocks, 
Cornwall,  chftracter  of  mineral  rrins 
trftvenlng,  777. 

Kaimeiti,  New,  Santorin  group,  elevation 
of,  452. 

Kaap,  Prof.,  on  fooi-printe  of  animals  on 
nufaces  of  rocks,  oOl. 

Keeling  atoU,  accoont  of,  194. 

Kent's  Hole.  Devon.  349,  354. 

Kettle  and  Pans,  Scilly  Islands,  6. 

Killamey,  Lake  of,  decomposition  of 
limestone  at  margin  of^  828. 

Kilaaea,  description  of  its  crater,  385, 
391. 

Killineworth  colliery,  Newcastle,  ver- 
tical stems  at,  578. 

Kirkdale  bone  cave,  342. 

Labradobite,  composition  o^  415. 

Lain  Island,  226. 

Lakes,  formation  and  removml  of  by 
rivers,  44;  deposits  in,  49— 53;  tem- 
perature of.  Ill ;  organic  remains  In, 
137 ;  of  North  America,  extent  of,  161. 

and  rivers,  eflfSects  of  earthqiiakes 

on,  495. 

• great,  of  North  America,  effects  of 

submergence  of  .575. 

Land,  ancient,  or  Silurian  period,  548; 
effects  of  rise  of,  over  a  wide  area, 
568 ;  effects  of  unequal  elevation,  ib. ; 
elevation  and  depression  of,  during 
earthquakes,  498;  elevation  and  de- 
pression of  masses  of,  from  variations 
in  their  heat,  506 ;  quiet  rise  and  sub- 
sidence of,  502 ;  varied  effects  of  sub- 
mergence of,  beneath  sea,  571 ;  depres- 
sion of  beneath  sea,  effects  on  distribu- 
tion of  marine  liie,  625. 

Luides,  sand-hills  in  the,  70. 

Lapilli,  volcanic,  among  igneous  pro- 
ducts, amid  Silurian  rocks,  637. 

Lapse  of  time  during  deposit  of  coal- 
measures,  591. 

Lateral  pressure,  evidence  of  in  chains 
of  mountains,  736. 

Lava,  molten,  action  of  juxtaposed,  on 
subjacent  rocks,  698. 

Lava,  streams,  377,  392 ;  forms  of,  380 ; 
effects  of,  on  trees,  392 ;  composition  ol^ 
412 ;  lamination  of,  420 :  currents,  slow 
oooling  of,  422 ;  dyke  of,  crater  of  Ve- 
suvius, 438 ;  ejected  through  fissures, 
439. 
Lavas,  comparison  of  those  of  Monte 
Somma  and  Vesuvius,  449. 

and  tufib,  softening  and  raising  of, 

442. 
Lavemock  Point,  Glamorganshire,  com- 
plicated fault  near,  762. 
^,  sulphuret  of,  converted  into  car- 
uate,  in  mineral  veins,  794. 
M.,  on  saltness  of  the  ocean,  17. 
chemical  compodtion  of,  414. 


,  fltt, 
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Lias,  beachei  kt  the  tinffe  of,  554 ;  te&aog 
on  disturbed  carbohifBrous  limestone, 
556 ;  of  South  Wales,  557 ;  varied  mode 
of  occurrence  of^  558 ;  land  of  tiBie 
of;  562. 
Life,  effects  on  distribution  of,  from 
elevation  and  depression  of  land,  624. 

animal  and  vegetable,  conditkmB 

for  distribution  of  at  all  times,  621 ; 
modifications  of,  from  altered  posiHoiiB 
of  land  and  sea,  622. 
Light,  influence  of  on  marine  life,  166, 

170. 
Lime,  bi-carbonate  of,  in  solution,  13; 

in  seas,  121 ;  how  deposited,  126. 
Limestone     districts,    temperature    of 
waters  in,  542. 

fbssiliferons,  fragments  of  ejected, 

from  Vesuvius,  419. 
Limestone  and  shale,  irregular  alternat- 
ing deposits  of,  684. 
Limestones,  how  decomposed,  7 ;  joints 

in,  723. 
Lime  and  magnesia  added  -to  lavB  by 
melting  of  limestone  and  dolomite,  419. 
Lipari  Islands,  eruptions  in,  402. 

obsidian,  globules  in,  and  laannar 

tion  of;  421. 
Lisbon,  great  earthquake  of,  482. 
Little  Sole  Bank,  off  southern  British 
shores,  rugged  character  of  bottom 
near,  531. 
Littoral  sea-bottom,  raised   near    New 
Quay,  Cornwall,  528 ;  at  Porth-dinlleyn, 
Caernarvonshire,  5S9, 
Logan,  Mr.,  on  vertical  stems  of  coal- 
measures,  577. 
Loven,  Prof.,  on  the  moUnses  of  Nor- 

wav,  173. 
Lyell,  Sir  Charles,  on  glaciers  In  ForfSu^ 
shire,  311 ;  on  the  habits  of  fossil  ele- 
phant, 328 ;  on  origin  of  the  Val  dd 
^ve,  Etna,  447 ;  on  great  Lisbon  earth- 
quake, 482;  on  etfthquskes  of  the 
Mississippi  valley,  496;  on  earthquake 
in  the  Bann  of  Cutch,  501 ;  on  rise  and 
depression  of  coasts  of  Pusxuoli,  504; 
on  gradual  rise  of  land  in  Norway  and 
SwMlen,  508 ;  on  vertical  fossil  forests 
in  coal-measures.  Bay  of  Fnndy,  581 ; 
on  foot-prints  of  birds,  shores  of  Bay 
ofFundy,604. 
Lyme  Begis,  landslips  at,  26 ;  fracture  in 
rocks  near,  371 ;  joints  in  shales  of 
Uas  at,  724. 

MAcuiJiBA,  mud  volcanos  of,  476. 
Maldiva  Islands,  204,  234. 
Mallet,  Mr.,  on  earthouakes,  482. 
Mammals,  remains  of,  in  sunk  Ibresta, 

western  England,  518;  remains  of  in 

oolitic  rocks,  632. 
BCammoth  remains,  327. 337, 339, 961, 364^ 
Mantell,    Dr.,   on    raised    beadi   near 

Brixton,  529;  on  Wealden  deposits, 

090. 
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Maps,  sketch  oonettuottoii  of,  898. 

Marcet,  Dr.,  on  salt  in  sea-water,  17. 

Marine  remains  in  parts  of  the  eoal« 
measures,  593. 

Marmora,  M.  de  la,  on  elevation  of  ooart 
in  Sardinia,  511. 

Maui,  Hawaiian  Islands,  great  volcaaic 
fissure  at,  439. 

Mauna  Kea,  voldano,  884. 

Mauna  Loa,  volcano,  884^  888. 

Mauritius,  coral  reefs  of,  204. 

Mastodon,  remains  of,  S34^  337,  363. 

Mediterranean  Sea,  salt  in  water  of,  17; 
volcanic  accumulations  in.  79;  detMMits 
in,  81 ;  currents  in,  82 ;  distribution  ftf 
animals  in,  168 ;  effects  of  dosing  the 
Straits  of  Gibraltar  on,  567. 

Mendip  hills,  beaches  of  time  of  new  red 
sandstone  at,  549;  geoloeical  map  o^ 
552;  lias  of,  558;  inferior  oolite  of 
559 ;  overlap  of  inferior  oolite  at,  560 ; 
faults  in,  749 ;  character  of  ancient 
coasts  of,  811 ;  denudation  of  rocks  in 
vicinity  of,  814 ;  amount  of  denudation 
at,  819. 

Merope  rocks,  GomwaU,  60. 

Metals,  certain,  in  mineral  veins,  occur- 
rence of  sulphur  and  arsenic  with, 
772;  analogous  properties  of  certain 
ores  of,  771. 

Methone,  ancient  volcano  at,  899. 

Mexico,  Gulf  of,  86 ;  currents  in,  108. 

Miallet,  ossiferous  cave  of,  360. 

Mica,  introduction  of  matter  of,  into 
altered  rocks,  705. 

Mica  slate,  productive  of  certain  kinds 
of,  705. 

Millstone  grit,  granitic  character  of^  if 
metamorphosed,  705. 

Mine  waters,  character  of,  775. 

Mineral  matter   gathered  together  in 

Slanee  of  cleavage,  717;  filling  of 
■snres  and  other  cavities  of  rocks  by, 
763;  solubility  and  deposit  of  in 
fissures,  766 :  replacement  of  one  kind 
by  another,  in  veins,  796. 

springs  and  veins,  similar  sub- 
stances in,  771. 

• substances,  certain,  more  abundant 

at  crossing  of  veins,  807;  infiltration  of, 
into  cracks  of  ironstone  nodules,  687. 

Mineral  veins,  or  lodes,  character  of  amid 
dissimilar  rocks,  776,  780;  through 
junctions  of  granite  and  schistose 
rocks,  Cornwall,  777 ;  character  of, 
traversing  elvans,  Cornwall,  778;  of 
Derbyshire,  782;  directions  of  in 
Cornwall,  789;  modifications  oi^  in 
depth  and  range,  790;  character  of, 
on  **  backs,*'  or  upper  parts  of,  ib* ; 
effects  of  atmonheric  influences  on 
upper  parts  of,  792:  modification  of 
contents  of,  795;  fragmentary  con- 
dition of  contenta  of  many,  799. 

Mineral  veins  and  common  faults,  range 
of  in  Coniwall  and  Daron,  757. 


Minerals,  dUftrent  AiaibiUty  of,  in  wbU 
canic  rocks,  417 ;  sinking  of  unf used  in 
•molten  rock,  according  to  specific  gra» 
vi^,  418. 

Biimisan,  destroyed  by  sand-hills,  70. 

MississipEd,  floods  in,  32;  delta  df,  86. 
rafts  of  wood  in,  133;  extension  of 
earthquakes  up  the  valley  of,  489. 

Mode  of  occurrence  of  organic  remains, 
615. 

Mode  of  illustrating  movements  from 
feults,  753. 

Modifications  in  the.  distribution  of  life 
from  changes  in  t^e  relatWe  positions 
of  land  and  sea,  622. 

Molluscs,  entombment  of  In  detritus 
while  living,  620;  sudden  destruction 
of  multitudes  of,  619;  remains  of, 
range  of  certain  genera  through  differ- 
ent deposits,  632;  marine,  littoral 
species  of,  covered  up  by  depression 
of  coasts,  626. 

Mollusc  shells,  in  rocks,  replacement  of 
by  various  mineral  substances,  764. 

Mont  Blanc,  view  of  the  slaciers  of,  244 ; 
proportional  section  mm  the  Jura 
over,  741. 

Monte  Muovo,  sudden  formation  of,  401. 

Somma,  Vesuvius,  origin  of,  447. 

Moraines,  glacier,  formation  of,  248. 

Morris,  Bir.  J.,  on  mammalian  remains 
at  Brentford,  360. 

Mountains,  production  of  lakes  on  out- 
skirts of,  569 ;  ranges  of^  relative  pro- 
portion of  to  volume  and  radius  of 
earth,  727 ;  production  of  at  different 
geological  times,  728. 

Movements,  several  successive  in  the 
same  fissures,  801. 

Muriate  of  ammonia  of  volcanos,  435. 

Murchison,  Sir  R.,  on  the  effects  of  ice  in 
northern  rivers,  281,  299 ;  on  the  low- 
ering of  lakes,  293 ;  on  the  elevation  of 
Britain,  322 ;  on  the  fossil  elephant  of 
Siberia,  328, 332, 341 ;  on  mud  volcanos 
of  Taman  and  Kertch,  477 ;  on  gradual 
rise  of  land  in  Sweden  and  Norway, 
508 ;  on  Silurian  rocks,  546 ;  on  Caspian 
region,  568 ;  on  vertical  stems  of  plants, 
oolitic  series,  Yorkshire,  595 ;  on  date 
of  rocks  containing  nummulites,  677 ; 
on  great  area  of  undisturbed  rooks  in 
Russia,  735. 


Naphtha,  springs  of,  478. 

Nelson,  Capt.,  on  Bermudas,  230. 

Newfoundland,  Bank  of,  227 ;  man^  228. 

New  red  sandstone,  beaches  of  time  of, 
in  England  and  Wales,  549;  distribu- 
tion of  land  and  sea  at  time  of,  in 
western  Europe,  562 ;  of  Devon,  igne- 
ous rocks  amid  lower,  652. 

Niagara,  Falls  of,  45. 

Nicol,  Mr.  J.,  on  the  composition  of  feP 
span,  415. 
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Nile,  f  ediment  and  delta  of  the,  73 ;  map 

ofito  delta,  75. 
Nitroffen,  in  connection  with  volcanic 

products,  434 ;  evolved  from  miid  vol- 

canos,  Taman,  477. 
Nodules  of  impure  carbonate  of  iron  or 

lime,  cracking  of  centres  of,  687. 
North  America,  lakes  of,  effects  of  sab- 
mergence  of,  575. 
North  Devon,  denudation  of  contorted 

rocks  in,  815. 
North  Wales,  cleavage  of  rocks  in,  710. 
Norton  and    Newgide,  Pembrokeshire, 

inlaying  of  mass  of  coal  measures  by 

faults  at,  756. 
Norway,   distribution   of    molluscs   on 

coasts  of^  174. 
Nullipora,  nature  of,  196 . 
Nunney,  Somersetshire,  boring  moUoscs 

in  carboniferous  limestone,  near,  at 

time  of  inferior  oolite,  559. 


Obsidiak,  chemical  composition  of,  413  ; 
lamins  of  spherules  in,  421 ;  merely 
vitreous  state  of  rock,  421. 

Ocean,  influence  of  its  temperature  on 
life,  163 ;  influence  of  depth  of  on  lif& 
164 ;  floor  of,  effects  of  elevation  and 
depression  of,  605. 

Old  red  sandstone^  beaches  of  time  oi^  in 
Scotland  and  Ireland,  548;  mode  of 
occurrence  of,  Ross,  Herefordshire. 
614. 

Olivine,  composition  of,  414. 

Oolitic  series,  ancient  cUffs  of,  south-west 
England,  811. 

Ordinary  springs,  temperature  of,  540. 

Organic  remains,  mode  of  preservation 
of,  128 ;  on  dry  land,  135 ;  in  the  ocean, 
180 ;  on  coasts ;  181,  187 ;  in  volcanic 
tuff^  Santorin  group,  445 ;  mixture  of 
beds  with  and  without,  545 ;  variable 
mode  of  occurrence  of,  amid  fossilife- 
rous  rocks,  546 ;  mixture  of,  of  differ- 
ent periods,  572 ;  mode  of  occurrence 
of,  615  ;  in  the  positions  where  their 
animals  lived  and  died,  616  ;  drift  of 
by  currents,  ib. ;  diagonal  arrangement 
of,  617  ;  among  ancient  volcanic  tuflb, 
618;  viewed  with  reference  to  land 
and  sea  at  all  times  621 ;  effects  of 
rise  and  fall  of  land,  on  distribution  of, 
626 ;  particular  kinds  of,  reference  to 
conditions  respecting,  628;  forming 
beds  of  rocks,  629;  someUmes  seen 
only  by  weathering  of  rocks,  630 ;  che- 
mical composition  of,  631 ;  caution  re- 
specting supposed  characteristic  of 
deposits,  632 ;  distortion  of,  by  cleav- 
age action,  714. 

Orleigh  Court,  Bideford,  widely  sepa- 
rated i)atch  of  green  sand  at,  817. 

'Ossiferous  caves,  136,  366 ;  general  state 
of,  344,  351 ;  remains  found  in,  346 ; 
Jiuman  remains  in,  347,  350 ;  dens  of 


extinct  oandvora,  349 ;  pebbles  found 

in,  354. 
Overlap  of  cretaceous  beds  In  Englaad, 

600. 
Owen,  Professor,  on  the  fossil  elephant, 

329, 333 ;  on  the  tertiary  mrnmnwla  of 

Great  Britain,  337. 
Oxen,  foot-prints  of^  among  trees  of  rank 

forests.  South  WsJes,  520. 
Oxidation  of  crust  of  earth,  effeeta  of, 

730. 

Pacific  Ocean,  currents  in,  109 ;  coral 

islands  in,  199. 
Papandayang  volcano,  fitlling  in  of,  402. 
Partial  removal  of  coal-beds  during  the 

deposit  of  the  coal  measures,  589. 
Paviumd  cave,  human  remains  In,  347, 

363. 
Pebbles  of  coal  hi  coal-measure  aoonma- 

lations,  592. 
Paiagonite  tu^  composition  o^  425 ;  ac- 
tion of  pure  water  on,  427 ;   of  sol- 

phnretted  hydrogen,  hydrochloric,  and 

sulphuric  acid  on,  428. 
Pole's  Hair,  392,  413. 
Pembre,  Carmarthenshire,  fbotrprints  of 

deer  and  oxen  in  sunk  forest  of,  5S0l 
Pentuan,  character  of  elvan  of,  65S. 
Pentuan  tin-stream  work,  Cornwall,  beda 

composing,  519. 
Pentland  Frith,  tides  in,  93. 
Pepys,  Mr.,  on  production  of  iron  pyrites 

around  bodies  of  mice,  690. 
Perran  Bay,  Cornwall,  rsJsed  sand-dunes 

at,  529. 
Phillips,    Professor  John,  on  Malveni 

Hills,  548 ;  on  isneons  rock  (toadatome) 

of  Derbyshire,  643. 
Pierre  k  Bot,  erratic  block,  315. 
Pilla,  Professor,  on  flamea  in  voleanos, 

374. 
Pingel,  Dr.,  on  gradual  depression  of 

land  in  Greenland,  510. 
Plants,  fossil,  distribution  of  in  beds  of 

coal  measures,  581 ;  drifts  of  in  coal 

measures,  587. 
Playfair,  Professor,  on  the  transporting 

power  of  glaciers,  309 ;  on  the  habits 

of  extinct  elephants,  327. 
Plesiosaurus,  preservation  of  skeletons 

of,  620. 
Plymouth    Sound,    coast    of,   cleavage 

through  Devonian  rocks  and  porphyry 

veins  at,  713. 
Polventon  Cove,  Cornwall,  59. 
Porphyritio  structure  in  certain  altered 

sedimentary  deposits,  699. 
Porthdinlleyn,  Caernarvonshire,    raised 

littoral  sea-bottom  at,  529. 
Portishead,  near  Bristol,  re-exposnre  of 

old  rock  surfaces  by  breaker  action  «t, 

816. 
Portland,  Island  of^  fossil  trees  and  an- 
cient soils  of,  595. 
Port  Famine,  climate  o^  277. 
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Port  Royal,  Jamaica,  linking  of  part  of, 
daring  an  earthquake,  493. 

Port  Tubot,  Glamorganshire,  foot-prints 
of  deer  and  oxen  in  sunk  forest  oi,  520. 

Po,  rise  of  its  bed,  37 ;  delta  of  the,  75. 

Pratt,  Mr^  on  comparatively  recent  gra- 
nite in  Catalonia,  676. 

Preservation  of  entire  skeletons  of  Sau- 
rians,  620. 

Prestwich,  Mr.  J.,  on  fossil  shells  in  the 

Sosidons  in  which  their  animato  lived, 
16. 

Products,  ancient  igneous,  contempo- 
raneous among  Suurian  rocks,  635; 
among  Devonian  rocks,  640;  in  lower 
part  of  new  red  sandstone,  652. 

Proportion  of  height  to  distance,  import- 
ance of,  in  geological  sections,  825. 

Pumice,  composition  of,  412. 

Pu2ZUoIi,  Maples,  rise  and  depression  of 
coasts  of,  304. 

QuABTZ  rock,  structure  of,  695. 

Raine's  Island,  210. 

Rain,  marks  of  on  surfaces  of  rocks,  604. 

Ranges  of  mountains,  obliteration  of, 
during  lapse  of  geological  time,  734; 
usual  marked  squeezing  and  contortion 
of  rocks  in,  736. 

Ramsay,  Professor,  on  land  of  Silurian 
period,  548 ;  on  denudation,  817. 

Ridsed  beaches,  of  Plymouth,  525;  of 
Falmouth,  J6.:  of  New  Quay.  Cornwall, 
527 ;  with  reference  to  heights  of  tide, 
522 ;  concealed  by  detritus,  524. 

Raised  coast-lines,  care  required  in 
tracing,  532. 

Ravines,  how  formed,  42,  43. 

Red  Sea,  coral  reefs  in,  213. 

Remains,  marine  organic,  in  parts  of  coal 
measures,  593. 

Rhine,  bending  and  plication  of  Devonian 
rocks  of;  740. 

Rhinoceros,  extinct,  328,  330,  337,  364. 

Rhone,  debacle  in  vaOey  of  the,  48 ;  delta 
of  the,  75. 

Ripple  or  friction  marks  on  surfaces  of 
rocks,  607. 

Rise  and  subsidence  of  land,  quiet,  502. 

Riobamba,  great  earthquake  at,  483. 

River-ice,  effects  of,  279. 

Rivers,  transporting  powers  of;  32;  ac- 
tion of  on  their  beds,  39 ;  deposits  in 
estuaries  of;  97, 145 ;  organic  remains 
in  estuaries  of,  145 ;  subterranean,  de- 
posits in  their  channels,  355;  effects 
of  continued  elevation  of  land  above 
sea  on,  564. 

Rocks,  specific  gpravity  of,  30,  406 ;  che- 
mical composition  of  volcanic.  406 ; 
fusion  of  portions,  broken  off  in  vol- 
canic vents,  419 ;  mixed  volcanic  molten 
and  conglomerates,  44i) ;  filters,  allow- 
ing water  to  pass  through  in  given 
ouantitv  and  ume.  533  :  modification 


in  the  structure  of  after  accumulation, 

692 ;    alteration    of,     near    granitic 

masses,  701 ;  bending,  contortion,  and 

fracture  of,  726. 
Rocks,    calcareous,    sometimes    wholly 

formed  of  organic  remains,  629. 
Rogers,  the  Professors,  on  the  bending 

and  plication  of  rocks,  739. 
Rossberg,  slide  of  the,  25. 
Ross,  Herefordshire,  mode  of  occurrence 

of  old  red  sandstone  at,  614. 
Ross,    Sir  James,  observations  on  the 

temperature  of  the  ocean,  ill ;  on  the 

Antarctic  seas,  269. 
Runn  of  Cutch,  effects  of  earthquake  at, 

501. 

Sabbin A  Island,  formation  of,  116. 

Sahara,  Great,  effects  of  submergence  of; 
574. 

Salses,  or  mud  volcanos,  472. 

Salt  in  ocean,  17, 124. 

Saltash,  examples  of  ancient  igneous  pro- 
ducts at,  641. 

Sandberger  and  Damour,  MM.,  analysis 
of  Great  Geyser  water,  431. 

Sand  dunes,  raised,  at  St.  Ives  and  Perran 
Bay,  Cornwall,  529. 

San  Filijppo,  baths  of,  14. 

Sand-hiHs,  formation  of,  68;  of  the 
Landes,  70 ;  of  Cornwall  71 ;  of  France, 
72. 

Sandstones,  forms  of  when  decomposed, 
9 ;  coal-measure,  false  bedding  of,  585. 

Santorin  group,  451 ;  submarine  charac- 
ter of,  454 ;  view  of,  456 ;  quiet  depo- 
sits inside  of,  457. 

Sardinia,  elevation  of  coast  at,  511. 

Saurians,  preservation  of  skeletons  of,  in 
rocks,  620. 

Saussurc,  M.  de,  on  glaciers,  240. 

Scandinavia,  upraised  marine  shells  in, 
326 ;  raised  coasts  of,  509 ;  raised  coast- 
lines oi^  5a3. 

Schmerling,  Dr.,  on  the  ossiferous  caves 
of  Liege,  351. 

Schorl,  compos!  don  of,  704;  in  altered 
rocks,  Cornwall,  705. 

Sciacca  Island,  formation  of,  80,  219. 

Shingle  beaches,  62,  66. 

6ea-M>ttom,  effect  of  raising  around  Bri- 
tish Islands,  599;  rugged  and  moun- 
tainous, off  British  shores,  531 ;  eleva- 
tion of,  round  British  Islands,  effects 
of  on  littoral  marine  life,  627. 

Sea-bottoms,  ancient,  marks  of  wave  and 
current  friction  upon,  610;  effects  of 
earthquakes  upon,  611 ;  different  kinds 
of,  distribution  of  organic  remains  with 
reference  to,  628. 

Sea^waves  produced  during  earthquakes, 
484 ;  breaking  of  on  coasts,  494. 

Sea-water,  analysis  of,  16,  84, 124 ;  spe- 
cific gravity  of,  16 ;  temperature  of 
111,  112,  164^  269;  amount  of  air  ir 
166. 
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S«M,  flMiiret»  highly  heated  in  depth, 
o{iMBiied  heneath,  770. 

Sections,  of  denuded  igneotB  rooks,  645 ; 
of  mountain  ranges  required  to  be 
proportional,  736. 

geological,  construction  of,  825. 

Sedgwick,  Professor,  en  cleavage  of 
rocks,  706,  710 ;  on  joints,  719. 

Serpentine  of  Cornwall,  667  ;  of  Caernar- 
vonshire and  Anglesea,  669 ;  chemieol 
composition  of,  671;  composition  of, 
and  of  olivine  compared,  672. 

Serpentines,  various  dates  o^  676. 

Severn,  tides  in  the,  90,  96. 

Shells,  specific  gravity  of  land,  140 ;  ma- 
rine, 186. 

Shell-sand,  use  of,  188 ;  consolidated,  of 
New  Quay,  Cornwall,  527. 

Shepton  Mallet,  Somersetshire,  mode  of 
occurrence  of  lias  near,  554. 

Siau,  M.,  on  coral  reefs  at  the  Isle  of 
Bourbon,  206. 

Siberia,  fossil  elephant  of,  327 ;  froaen 
soil  of,  335,  336;  temperature  of,  at 
different  depths,  535. 

Silicate  of  lime,  effect  of,  in  igneous  rocks, 
657. 

Silica,  in  water,  17 ;  different  fusibility 
of,  when  free  or  combined,  416 ;  rela- 
tive amount  of,  in  crust  of  earth, 
635. 

and    silicates,    importance    of,  in 

consolidation  of  detrital  deposits,  697. 

Silliman,  Professor  B.,  on  composition  of 
corals,  193;  of  lava,  413. 

Silurian  rocks,  contemporaneous  igneous 
products  amid,  635 ;  spheroidal  con- 
cretions in,  689. 

Skerries,  county  Dublin,  good  examples 
of  joints  through  conglomerates  near, 
722. 

Skulls,  human,  found  in  tin -stream 
works,  Cornwall,  518. 

Slices  of  land,  new,  now  catting  off  by 
breaker  action,  816. 

Smith,  Mr.  James,  of  Jordan  Hill,  on 
Arctic  shells  in  British  deposits,  323. 

Snow  line,  height  of  the,  289. 

Snows,  sudden  melting  of  on  volcanoe, 
436.      - 

Soda  felspar  (albite)  in  granite,  676. 

Soils,  ancient,  of  Isle  of  Portland,  595 ; 
conditions  for  production  o^  596. 

Sol&tara,  near  Puzsuoli,  429. 

Solutions,  deposits  from,  in  fissures,  769. 

Sounds  accompanying  earthquakes,  497. 

South  Georgia,  glaciers  of,  275. 

South  Pembrokeshire,  denudation  of, 
818. 

South  Wales,  beaches  of  time  of  new  red 
sandstone,  549;  altered  condition  of 
coal  in,  831. 

South-eastern  Ireland,  relative  dates  of 
cleavage  of  rocks  in,  713. 

South-western  England,  faults  in,  756. 

South-west     England    and    South-east 


Ireland,  modectf  oceuxmoceof  gnaite 

in,  658. 
Species,  littoral,  of  moUiiscs,  dcslmetioii 

of  by  depression  of  land,  625. 
Species  of  fossils,  relative  abnndanoe  of 

individuals  in  differai&t  localities,  €33. 
Spitsbergen,  glaciera  in,  260,  263. 
Spratt,  Capt.,  R.N.,  on  movements  of 

coast.  Bay  of  Maori,  511 ;  on  Santarin 

group,  455. 
Springs,  mode  of  origin,  13;  anbttaaees 

in  solution  in,  20 ;  uiermal,  A. 
Steam  and  vapours  of  mineral  substanfias, 

effects  of  in  fissures,  769. 
Stems  of  plants,  vertical,  in  coal  mea- 
sures, 577  ;  filling  up  of  hoUom',  580 ; 

in  oolitic  series,  x  orkshire,  505. 
Stevenson,  on  force  of  brsakers,  Atlantic 

and  German  Ocean,  828. 
Stigmaria,  roots  of  sigillaria,di8tzibQtieB 

of  in  beds  beneath  coal,  577. 
St.  Agnes,  Cornwall,  minor  contempo- 
raneous cracks  at,  with  fallaceoos  ^- 

pearance  of  two  movements,  751. 
St.  Lawrence  river,  tides  in,  96 ;  effedi 

of  ice  in,  280. 
St.  Michaers  Mount,  Cornwall,  granite 

veins  at,  662;  metaUiferooa  joints  amid 

granite  of,  786. 
St.  Paul,  Island  of,  Indian  Ocean,  atiac- 

tureof,  458. 
Staurolite,  prodnetion  o{^  in  altered  racks, 

703. 
Straits  of  Gibraltar,  efiecU  of  eloaing, 

567. 
Strickland,  Mr.,  on  fresh-water   shells 

with  bones  of  extinct  mammals,  340. 
Stromboli,  in  constant  activity,  398. 
Structure,  globular,  of  baaalt,  467;  a>- 

lumnar  of  basalt,  469. 
Sublimations  from  volcanoe,  375. 
Submarine  volcanic  deposits,   modifies- 

tions  of,  450. 
Successive  disturbances  of  rocks,  72'i. 
Substances  forming  solid  sur&ce  of  earth, 

chiefiy  oxides,  772,;  character  of,  fillisg 

fissures,  ib. 
Sudden  destruction  of  multitudes  of  mel- 

luscs,  619. 
Sulphate  of  lime,  mode  of  occurrence  «f, 

in  tries  marls,  691. 

of  baryta,  solubility  of,  768. 

Sulphuret   of  iron,  common    in   many 

homblendic  and  relspathic  rocks,  679. 
Sulphurets  of  lead,  copper,  and  iron  re- 
placing the  matter  of  shells,  764. 
Sulphuretted   hydrogen,    evolved 

the  SoUistara,  Puzsuoli,  429. 
Sulphurous  waters  of  Iceland,  433. 
Sunk,   or   submarine    forests,   513; 

Western  Europe,  514;  beneath 

roadsteads,  515;   mode  of 

of,  516 ;  locaUtiss  of,  517. 
Sur&ce  of  earth,  rending  and  sqneeang 

o^  fcHrming  mountains,  727. 
Surfaces  of  ^tal-measure  sandstones,  586. 
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Surfaoes  of  rookfl^  cracked^  601 ;  loot- 
prints  of  air-breathing  animals  on,  ib. ; 
character  of,  606  ;  friction  murkfl  on, 
607 ;  ridging  and  fiirrowing  o^  600 ; 
various  modifications  of^  610. 

old,  of  rocks,  again  exposad  by 

denudation,  816. 

Swansea,  range  of  fiinlts  near,  759. 

Syenite,  composition  of,  673. 

Tahiti,  Toicanic  roclu  o^  449. 

Taman<  and  Kertcht  mud  ▼olcaaos  of, 
475. 

Temperature,  changes  of,  effeet  of  upon 
the  structure  of  rocks,  692. 

Temperature  of  lakes,  111 ;  of  the  sea, 
III,  112,  164,  238;  of  space,  237;  of 
the  atmosphere,  238 ;  constant  in  the 
caves,  Paris  Observatory,  537  ;  variable 
from  unequal  percolation  of  water 
through  rocks,  538 ;  rate  of  increase  of 
in  rocks,  in  depth,  543. 

Tenby,  flexures  and  plications  of  eoal 
measures  and  mountain  limestone  near, 
743. 

Teneriffe,  Peak  of,  451 

Thickness  of  coal-measures,  South  Wales, 
584. 

Therria,  M.,  on  the  Grotte  de  Fouvent, 
357. 

Thurlestone  rock,  Devon,  60. 

Tides,  influence  of  the,  on  the  distribu- 
tion of  sediment,  89,  103 ;  rise  of,  in 
difierent  places,  90. 

Tierra  del  f  uego,  glaciers  in,  277. 

Tin-stream  works,  Cornwall,  beds  com- 
posing, 518 ;  sunk  forests  of^  tb. 

Toadstone  of  Derbyshire,  643 ;  character 
of  mineral  veins  traversing,  782. 

Tomboro,  volcanic  eruption  at,  141. 

Tongariro,  New  Zealand,  mud  ejected 

r   from,  373. 

Towey  River,  deposits  from.  101. 

Town  Hill,  Swansea,  coal  peoblesin  coal- 
measures  of^  592. 

Trafalgar  Square,  London,  composition 
of  waters  in  Artesian  well  of,  693. 

Tramore,  Waterford,  sand-hills  at,  72. 

Trachyte,  nature  of  407 ;  composition, 
410. 

Trappean  rocks,  taken  as  a  class,  674. 

Travertine,  14. 

Trees,  fossil,  of  Island  of  Portland,  595 ; 
conditions  of  growth  of,  596. 

Trimmer,  Mr.,  on  shells  on  Moel  Trefan, 
324 ;  on  the  Norfolk  craig,  364. 

Tufi;  fossiliferous,  volcanic,  423 ;  modifi- 
cation of,  b^  gases  and  vapours,  426 ; 
volcanic,  raised,  of  Santorin  group, 
455. 

Undebcuits,  soils  in  which  plants  grew 
at  time  of  coal  measures,  558 ;  quarti- 
ose,  near  Mumbles,  Swansea,  695. 

Yal  de  Baones,  debacle  in,  48. 


Val  del'  Sbve»  Etna,  deseription  o^  4i3 ; 
origin  of,  447. 

Vale  of  Towey,  Caermarthenshiie, 
amount  of  denudation  in,  819. 

Vapnours  and  gases,  in  moUen  lava,  379. 

Variable  composition  and  haindness  of 
rock8>  to  be  regardisd  in  tibeir  disturb- 
ance, 734. 

Veins,  granite,  661. 

mmeral,  efl*ectB  ot  crossing  of,  at 

smftU  angles,  708. 

Vesuvius,  eruptions  from,.  143,  39^  405. 

and  Etna,  sections  of,  44^ 

Vetch,  Captain,  IiL£^  on  raised  beaches, 
Island  of  Jura,  Hebrides*  533. 

Victoria  land,  9ea-bo4tom  near,  374; 
volcanos  in,  405. 

Virtuous  Itady  Minev.  TaYiatoek,  sttceeas- 
ive  modifications  of  contenls  of  vein 
at,  795. 

Volatilization  of  substances  fowid  in 
veins,  773. 

Volcanic  eruptions,  submarine,  79^  115, 
373 ;  of  Tomboro^  141 ;  of  Veeuvius, 
142,  394;  of  Skaptar-jokuIV  14^^  397 ; 
of  Etna,  396 ;  of  Icelandic  volcanos,  ib ; 
matter,  distribution  of^  in  tideless  seas, 
79  ;  in  tidal  seas,  115;  rocks,  nature  of 
406 ;  cones,  formation  of^  383;  vapours 
and  ^es,  374. 

Volcanic  products  amid  the  older  rocks, 
635. 

tuff,  ancient,  amid  Silurian  series 

of  Wales  and  Ireland,  638. 

a^es     and    cinders,    effects    of 

acids  and  vapours  on,  423;  products, 
fusibility  of,  436;  fissures,  direction 
of,  440 ;  gases,  effects  of  sea  upon,  441 ; 
action,  variable  according  to  proximity 
of  water,  463 ;  tuff,  fossiliferous,  of 
Monte  Somma,  Vesuvius,  448. 

Volcanos  and  their  products,  366 ;  eleva- 
tion above  the  sea,  367  ;  water  ejected 
from,  403 ;  sudden  changes  of  tempe- 
rature, on  surfaces  of,  436 ;  distribu- 
tion of,  in  the  ocean,  460;  on  conti- 
nents and  amid  inland  seas,  462 ;  prox- 
imity of  to  water,  A. 

Von  Buch,  Leopold,  on  present  gradual 
rise  of  land  in  Norway  and  Sweden, 
508 ;  on  the  Caldera,  Island  of  Palma, 
443. 

Vorticose  movements  of  earthquakes, 
483. 

Walferdiit,  M.,  on  temperatures  found 
at  Artesian  well,  Crenelle,  536. 

Warington  Smyth,  Mr.,  on  *  fiat '  of  lead 
ore,  fawnog,  Flintshire,  785;  on  cha- 
racter of  Spital  Vein,  Schemnitz,  791. 

Watchet,  Somerset,  faults  near,  761 ; 
occurrence  of  sulphate  of  lime,  in  trias 
near,  691 . 

Water,  soluble  substances  in,  15;  com- 
pressibility   of,    180;    ejected    fror 
volcanos,  403 ;  sea,  analysis  of,  16,  8 


